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PRACTICAL TREATISE 



O N 



SHIP-BUILDING, 



CHAP. L 

General Proportions for Building. 

NAVAL Architedhire may be divided intoihree principal parts. 
L To give the (hip fuch a figure^ or exterior foroi, as maj 
fuit the fervice (he is deiigned for. 
II. To find the true form of all die pieces of timber that 
Jhall be neceiiary to compofe fach a folid. 

IIL To make proper accommodations for guns, ammunition, provi* 
fions, and apartments for all the ofEcers, and likewiie for the cargo. 

We ihall at prefent only treat of the fitd of thefe, namely die exterior 
figure, and confider it firft, as it regards the bottom, that is, the part which 
4ies under watery and may be called the quick- work ; or, fecondly, the 
part which is above water, and may be called the dead-w^ofk. 

In order to give a proper figure to the bottom, all the qualities which 
Mt neceiiary to make a fhipanfwer the fervice for which (he is defigned^ 
ihould be confidered. A (hip of war (hould carry her lower tier of guns 
four or five feet out of the water. A (hip for the merchants fervice 
ihould ftow the cargo well, and both of them (hould be made to go 
well, carry a good fail, (leer well, and lie to eafily in the fea. 

B Some 
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2 General Proportions for Buildings Chap-F- 

Some emment geometricians have endeavoured to find the foun of ai 
folid M^hich may befi: anfwer all thefe qualities, and meet with the lead 
refiflance in dividing the fluid through which it is to pafs^; but have not- 
been able to reduce their theory to pradice, by reafon of the difierent 
pofuions a Aip is obliged ^o be in wlien under fath The ibip-builders,, 
defpairing to efl:^tiAi this point by mathematical rules, have applied 
thcnafelves wholly to their own obfervations and experience, whicn may 
indeed fupply the deficiencies of ^rt 5 but though they may thereby dif* 
cover that a (hip has feveral bad qualities, it wilLnot be eafy tp determine: 
where the fault lies ;. for it may be owing to the rigging ^ and though; 
the fault be not there, yet they cannot be certain in. what particular part 
oAhe body it k.^ If -their obfefivatiqns be sSiBicd hy princi^s drawn 
ihOflfi theoxy, it will ^conduce very mu^ tO' attain their end« 

As there have been feveral fhips built which have feemed to anfwer alL 
the fervices for which they have been defigned, fome builders have made 
it their principal fludy to copy fhips which have gained she applauie o£ 
the feamen. This method they very improperly call the principal rule: 
which fhould be obferved in building. Now, as the bodies of (hips are 
•eery different fi-om one another, fo there are,, by this means, as many dif>- 
ferent methods ufed ; fome chufing one, and fome another for a (hmdardl. 
But it muA: be obferved, that even though it were pofiiblc to find fuch a« 
body as (hould ^ve entire fattiafadioii, and "have atlthe^ood qualities that 
, (hould be neceiTary to anfwer the fervices propofed, yet this could by no* 
ii>eam be i^ablKh^diae a ftooidard by wJuch other ihips cf different 41^ 
fSAjp6pn$ fmf he :buik. I^or admitting vk hwe a fird cate.of 100 gu«s,, 
which by experience has been fi^iind to he a very good (hip in all nefpeds,, 
.y(st w$ fliould find ourieivfis very much dccoiiaed^ tf we (hould build a. 
(hip of 20 guns by making all the parts have tlie iame pcopoction to one 
4nother^ th^t -they iiave in that of 100 gmts* 

The ^ .^qg to rbe <ione, in order «o lay dawn the dratt|^t of a (hip,, 
-^'to determine the length, which fbouid be cither on the lower gun deck,. 
tfyr' ^t the load- water l\ac ; for there mvA be great care taken that there 
jftjafulfScbnt fpace 4>etwixt the poitts. This will ofalige us firft to fix 
the number and dimenfions of the ports, thedi&anxx ofihe aftermoft 
i|>6rt froai the tranfoBi, «9d of the ibnenoft horn the Hem, and the dif-- 
^tanoe betwijct the ports. This article may be determined by the foU 
•lowing tables : 

AtaMt 
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(3) 

^ Taile of tie Ntmber of Terts ort each Side of a Ship, 
according to t.he Number of Guns, and the Weight of 
the Shot* 




VefTels of 1 6 guns have 8 ports on one decdc, the gans'to cany 41b. Ihot ' 
7efieU of 12 guns have 6 ports on one deck, the |;uns to carry 4 lb. (hot. 

Bz Ji Table 
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C4^7 

A ^able of. the Dimenjhns of the Ports, and Height of their S^ells^, accord 

ing to the Weight of the. Shot.. 



shot 


Hei. and brea. of portslHeight of the ports 


■ seiir 




lb. 


f. in. 1. 


f. in. f. in. 


fit Deck 


^d Leek 


3d Deck 


Quajter- 
Decic and 


48 


2 9 


J or 3 a 


f. in. 


£ in, 




3.6 


2 8 


3 or 3. I 


2 2 




- 


Eorecaftle 


24 


2 5 


2 8 or. 2 10 


2 I 


2 






I* 


1 4 


2 7 or 2 8 


I 11 


j' 9 






1=2 


2 2 2 


2 4 or 2 6 


I 10 


't a 


I 7 




«• 


I 9 


1 1 1, or 2 3 


I 8 


I 6 




■t 5 


6 


I 6 


1 8 or I II 


.1 . 7 


I 6 




* 5 


4 


I 4 


i 6 or I 9 1 1 5 






' ? 



jiTaAle of the Number, Dimenfiom and Diftances betwixt the Port son the^ 
lower Deck i alfo the Difiance betwixt the firemojl Fort and. the Stem-^^ 
betwixt the Aftmoji and the Sternpoji'. 



Ships Names* 


N<^<rfBrcadth 


Dift. betw. 


Foremoft 


Attmoft 


Length on 




Ports of Forts 


Port* 


ftom Stem 


from Poft 


L. Deck 


Amiable 


i'3 


2 8 


7 6 


^3 4 


9 


»47 


Invincible 


1^3 


2 8 


7 4 


12. 4 


9 


144. 


Achilles 


: 12 


2 8 


7 8 


18 2 


10 6 


145 


Touloufe' 


12 


2 8 


• 7 ^ 


1.7 4. 


^ 9. 2 


141 


Ardent, 64 guns 


12. 


2 8 


. 7. 6 


17 


9 2 


140 8 


Fleuron, 64 gims 


12 


2 8 


• T 8 


18 10 


ID 6 


H5 8 


Dauphin Royal, 74 guns 


-2iJ 


2! 10 


7 7 


18 2 


10 


156 



Note^ An inch French meafure is equal to i tV inch Englijh^, and is divided ihto> 
twelve parts called lines, which are dividcdtinto twelve parts,, called points. 

The next thing to be done i& to eftablifli the breadth by the midfliip^ 
beam ; the builders are pretty much divided in proportioning this to the 
length. : Moft of them conform to* dimenfion& taken from fhips 6f tha- 
fame burthen^ and defigned for the fanie &rvice.. 

After thefe twa dimenfions are determined^ the depth of die hold muflL 
be fixed, vi^hich in mofi: (hips i& half the breadth.; out the form of the 
!:b9dy (hould be confiderecjl ; for a flat floor will require lefs.hold than a 
fharp one. The diftances like wife between the decks muft be deier^ 
wined. The following table may be very ufeful towards afccrtaining the! 
thae aforefaid dimenfions.: ,,.'.,. ^ . , 

AHaUe 
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JtTaSk xffthe Lengthy Breadth^ and Depth in Hold of the following Shfps. 
Ship's Names 



Monar(|ue 

IntTcpide 

Alcide 

Renommee 

Palme 

SoleilRoyai 

Formidable: 

Tonnant 

Sceptre 

Sttperbe 

Efperatise * 

Magaifique 

Northumberland 

Lis 

Herculc 

Pfotee*-^ 'f^^ ' 

flhiftrcc *^^f'^ ^'' 

O^nnatfe^ ' - -^ 

;Dragoiii - 

leopard . t ,^.. 

:StX«Hrei|t .; :. 

Amghion <,.,; ^ . 



Amaz^oo 



BrilUiit 

Afc-en-Qcl 

.Tigne • -1^ ' 

Alcion. ., ^ 

Aquiloft 

Junop . : 

Favorite 

Anglefea.. 

Serenne 

Emesaude 

Galjitee ^ 

Mqtine ' 

Cumberland 

Marfhal Saxe 

ADcmooe 



lA uv/3 n >vit4. 



Guns 



74 

It 

12 
80 
80 
80 

74 
74 

74- 
74. 
68 

^* 

% 
64 

^4 

•6+ 

,i;Q.; 



in. 



$ 



I 



5© 
50 

•5P. 
46 
46 

-94 

»4st; 
'>%4 
24 

12 



Length at 
load-water 
line 
feet 

149 
120 

85 
182 

178 

168 

'% 
>53 

»'54 
1% 

»49 

149 , 

I5P/ 

149 
146' •' 

■45' *'i'''* 
.145; -'''-i^. 

»3» 



Breadth 



in. 

6 
8 
6 

10 



f. 

43 

43 
40 

31 

22 
48 

44 
46 

42 8 

44'- • 

43- 
40 

A9J. . 
.40.-.;^ 
> 



J 



^127- 
»3fl 

:'I2^ 

^ X2k! 

100 
84 



% 

O 



1.^ 

.40 

4© 

39. 



-ft 
'4 



^'>r 



•35 

J?; 

37 
-•35. 

34 

31^ 

33 

33 

3* 

31 

i29 

^6 
27 
22 



Depth in 
the Hold 



20 
20 

»9 

15 
la 

23 
21 

20 

2r 

20 
'20' " 

.•■»*■■.••; 

:?.?.. u4 

^fi l-y; 
»9. .5 



in. 

6 

6 

4 
7 
5 

10 



6 



.;h 



:>;j}«i<x8i'-'' 

1 ' 



4,.-, 



?.7.. 9r 
17 ' 

^ ••^v.\ ■ 

17 
16 6 

bj: lb'! '' . 

»5 9^ 

1161 :'..:. I : 

l4etf'.f-' 

13 ' - 
14 
9 
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General Troportions for Butiding. 



Chat. J, 



Guik 


' Length 


Breadth 


tett 


t. in; 


ii 


84 


22 ' 


.64 


1413 


38 4 


,80 


I72 


44 


74 


165 


45 


74 


167 


44 


64 


149 


40 6 


50 


J44 . 


39 


26 


• 126 


33 8 


70 


»5» 


42 


26 


114 ■ 


31 8 


20 


108 


ftS 6 


6 . 


66 


«8 4 



Depth 



t. iO/ 


9 




tS 




21 




22 


6 


22 


7 


20 


9 


19 


6 


13 


8 


2t 





Ship's Names 

Amara:ttte 
Elizabeth 
Brart 
FWiJfent 
Counmnfe 
Wardl 
Aiglc 
V Hermionc 
Jufte 
Trif)onnc 
Panthere 
Badine 

We tnay thed procecct fo fix the leogth of thfc keel, whick will oblige 
us to determine ih^ lake of the 0±m atld p^fi^ for which the boilders 
have given us no intariable rtile, tl^ey being ivel'y much divided' in their 
opinions^ 6>r whe^e fome have given al ritke bf 18 or 20 fete^ others 
have given -none at ill. Thd height^f the ftedi and whig-tranfom muft 
alfo be determiiifcd, Which m^y be i^blated by the decks. • 

The difFe*en<^bek^ixt tfa^draught^f water apaft and that afore, fliould 
Jikewife be ton%dei<ea i ^hr thou^ jfonbe imagine that When a (hip is 
loaded he;* 4eel fiK>dd'be*|llaralleUo the furface dF the wator^ yet in many 
<:ares it will be ^imd hecc^zxj that th^ ktel. ^aft (hould be dseptr in the 
water that it is^ sfore* This* will give t]ie. rttdder more ffower, and 
thereby contfibiitf to inake a ihip fteer 4veU>i but this difl^Mnee of the 
draught of watetf is iiktirely arbitrary f for in krde ihips finne' have given 
five, whereas others have giveb but th^eci 01^ iev^n two k€t of difference; 
Though I could not procure the true differinice of the draught of water 
K>f many ihipl (^^zr^yet luml afiiired th^ the f4>llowingare jpreRyescaS. 

ShejyiferMce ^tht I)i^MgbttffjPut& iri4hefilkmng Ships. 



'Northunberland i 
Augufte' 1 
Alooe - • I 
Hermione ^ > ^ 
Axdao^ 1 •. I 
VadiM . ; t) 


in. 

2 
6 


> 6 
10 


4»alme ^ i 


4 



Panth«re 
Couroiihe I 
Tripc««e 
'Rc^oeMn6t 
T%re!-: [ 

'Aldd*' 



feet in. 
1 4 

2 

r - 4 
3.2 

.•,2- 3 
'•.2', -O 



Tthe 
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Chap. L General Fropprtio^s for Building. y 

The length of tjie wipg trattfom mqft aLfp be determined 5 fomc make 
k T~of the main breadth ; but this is likewife ybitrary, the broader a: 
fliip is abaft, the more room there will be for j^ccommocjations for the. 
officers 3 biit this will be difadvaotag^ous to her iajling upoq a wind. 

Ibefolkmng Exumples will be fufficient to fix tf)e Length of the Wing 

tranjom for any Ship. 

Foil a (bip of i|0 g^n$, 4 of the main breadth, and 3 line^ more to every foot,. 
102 guns, 4- of the main breadth,, and 8 inches more. 

82 guns, 4 of ditto* 

74 guns, 7 inched 9 lines for eveiy- foot in^ breadth. 

62 gjuns,, 7 inches, 8 lines for ditto. 

5^ guM, 7 inckes,. 7 lines^ spobos^^r^kto.. 

50 guns, 7 inches, lines,. ^ points for ditto. 

46 guns, 7 inches, 6 lines for ditto. 

3^ ^ns,^ 7 i9Ghes^5^ Hoes fbcdi^o. 
For ji fmgji^e of 2 2 gpns, 7 inches 4 lines. 

^2 guns,, 7 inches*, 

Sofji^^ without rpgardwg theTe propoctiiQiiis, make (^ wiog tranfiMas^ 
.«f the iirft ai^ fftgpBfl.raCw .two <hkd6 of the hreaith,.and for all the refb 

After thefe dimeniions ai« dfltfiriniiaod, )t^ taodb^tmay ;he4»nfidered: 

which ic^m jtfi<p 4^es of J^ jObJip. Aifou9e!Qf itimbocs ds oompofed o£ 

^«e ^oor tinabter^ :(jKP<9riditfie fyttocks-idiA.t. t^.timber.oiii eaeh fide:. 

AJl.tJ^fe being united togetjbtfir^ and ibcurodJby crofs^hers^. form. a circular 

mck>fure, thf^ which ioclofes i^e gfSSHAeft 4>^Mae if irattsxl the midihip^ 

J^n^ ^ The,<:Drve pf ibis fbame is inv4etrlttd At the kusBr.part, ib that 

^ Jpor timber piU bie Hi^ewrhat hpUovrihtiliieimcWic, .whereby the 

w^ncjs wiULforoi (i i^cy^obtu^ aogjle;^ 4nit this aftgle dttrfiafisi the iardidr 

tbeifran^^ afie jieoov^djfrpm.iho i9iidfhj(»i^ iafuch a ^m^noer, that the 

fi>remoft and aftermoft will become very (harp, and .focoiL.a very acute 

angle. Thofe ^^Qor tioibers are called crutches. 

'PHhe guilders i^tf^ t» Agree neasly as to.the Jbngth jq£ the jnid&ip «floac 
timber, making it generally half the length of ihe jjpain beam.; but they 
^i^er very tmi^fi^oyt %}» sifing of it, fbnie chufiog a flat and others a 
.i^arp ;ftoor. Afld.U' we conQdor :the >^vaotages aad difadrantages that 
,9,tt^d the one and A» other,, W^ diall oat be much ifurprized to find* 
thepEi fojQ^uch divided wp<>a this article ; for it is certain, ihe more ri« 
^pg;a-ihip has, ihe will .hold the. bett/sr;¥rind, but then this will occ^fion 
her to draw more jfiMaVy nKhich. m\iV rbe iometimes .attended, with verf • 
.giyat inconveniences^. 

A Table 
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(8) 
A liable of the rijing of the Midjhip Fhor Timberi. 



Guns 
no 

74 
62 



o 

o 
o 
o 
o 



o 
o 
I 
I 
J 



lines "^ 
10 

o 

o 



to every foot 
( in leiigth. 



J 



Guns 

28 
22 
16 



f. iiL lines "^ 

014 I 
014 . _ 

014 f In 

016 

6 I 6 J 



to every foot 
leqgtiu 



^Note, fFhat we have here rendered the rifing of the floor timbers^ the 
author calls the Aculemcnt, and maies a diflinSHon betwixt it and the 
rifing^ which weJhaHJjee when we come-to form theframet. 

They difFer as much in determining the (lation of the midfhip frame, 
fome placing it before, others at the middle of the fliip ; others again 
have two floor timbers of equal length, and rifing, one of which is placed 
ocadly in the middle, or the breadth of the timber before the middle, 
and the other at a proper diftance before it. Thofe who place.it before^ 
alledge, that if a fhip is full forward, after Hie has once opened a column 
of water, (he will afterwards meet with no refiftance, and the water will 
. eafily unite'abafc,. ^and by that means Ifbrce thie (hip a-head, and have 
.more power .on tfa^ rudder the farther it is from the centre of gravity ; 
and befides this comes neareft the form of fi(hes, which (houkl feem to 
be fhemoflr^advamtogebus for dividing fluids. • 

'^ Thofe who would: have itplabed in ipidfhips fay, that by that means 
the water-lines forward' will beeafier, and of confequence properer for 
dividing fluids ; and that there will be fpace enough betwixt it and the 
rudder for formJIigi very fair water-lines, fo that the water will eafily 
unite at the rudder; and befides it will be eafier by this means to ba- 
lance the fore body and afterbody^ and in general tbci building will by 
.this jxieaiis be very 'much facilitated ^ fo that, in my opinicm, it will be 
properefl to place it very oe^ the middle^ though k is the general 
praftice to place it before it. 

After the rifing of the midfliip floor timber is determrned, we may 
then proceed to fix the Jieight of the rifing line of the floor abaft pn 
the poft, and afore upon the ilem. 

Now, as all fhips are narrower abaft and afore, - than in mid(hip^ the 
other floor timbers will of confequence be fhorter and have a greater ri« 
iing, which will be Hill increafing tiU it ends on the poft and ftem. 
There are feveral diiFerent methods ufed by the builders to fettle the 
iieight of this^ line* Some imagine, that by narrowing the floor abaft^ 
*^hich will occafion the rifing line to be high iipon the poll, the (bip 

will 
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Chap. L General Fropoi'thns for Building. 9 

will thereby fteer better, and befides, the water which is opened by the 
midfliip frame will then faave a greater prefliiifi upon the, after part o^ 
the fhip, and thereby contribute to her failing : Yet thefe arguments are 
of very little weight ; for if we only confider the fteerage, it is certain, 
that the higher the rifing line is carried abaft, and the narrower a (hip i?, 
the water will have the eafier paflagc, and more power upon the rudder. 
But then we (hall thereby run the rilk of falling into two great inconvc- 
niencies ; for, by this means, we take awa^r the buttock, which i$ the 
only thing we have to fupport all the weight of the after part of the 
fliip ; neither fi)aU \*^e be able to give a proper balance betwixt the fore 
and after part ; and when the fore and after parts arc not 4uly balanced, 
it will occafion a (hip to pitch very hard, and be in danger of being 
frequently pooped by the fea when it runs high. To prevent thefc in- 
conyeniencies, it will be proper to give all (hips, efpecially the large fort, 
a full buttock. As to the height of the rifing line afore, it (hould be 
determined by the form of the water lines ; but before this can be done, 
the timbers muft be formed. 

Note^ What we have rendered the rifing line of the floor ^ our author calls 
les fa9ons, whicb^ he faySy is the invreafe of the acculement. th^ jextrgme 
points (f which upon the perpendicular of the flem and poji are now to be 
determined. 

The height of the lower deck is the next thing to be confidered : It is 
determined in mid(hips by the depth of the hold, and fome builders make 
it no higher at the (lem ^ but they raife it abaft more than it is in mid- 
(hips, as much as the load-water mark abaft exceeds that afore. As to 
the height betwixt decks, it is altogether arbitrary, and muft be deter* 
mined by the Tate of the £hip, and the fervice that (he is de(igned for. 

We come now to confider the upper works, or all that is above water, 
called the dead- work : And here the (hip muft be narrower, fo that all 
the weight that lies above the load- water line will thereby be brought 
^nearer the middle ©f the (hip; by which means (he will drain Icfs by 
working the guns, and the main fail will be eafier trimn^ed when the 
fhrouds do not fpread fo much. But though thefe advantages are gained 
by narrowing a (hip above water, great care muft be taken not to narrow 
her too much, for there muft be fufficient room upon the upper deck for 
the guns to recoil. The fecurity of the mafts (hould Ukewife be confi- 
dered, which requires (ufficient breadth to (bread the (hrouds, though this 
ixiay be afiifted by enlarging the breadth of the channels. 

C CHAP. 
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CHAR n. 

Of the Scantlings and Dlmenfions of the principal Pieces of 

Timber in a Ship. 

ALTHOUGH it is not my intention, as I obfcrvcd in the begin- 
ning of the laft chapter, to treat of all the pieces that compofe the 
(hip, yet I think it neceffary to fay fomething of die principal pieces. I 
fhail therefore, in the following plate, lay down each piece by itfelf, by 
which means we fhall fee the length of the fcarphs, and in what mannec 
they are to be joined together. 

Explanation of Plate I. 

L 

A. The keel in four pieces, to be well bolted together, and clinched*, 

1. The fore foot, one end of which is fcarphed to the fore end of the 
keel, of which it is a part, and the other end makes a part of the ften\,. 
to which it is fcarphed* 

m. 

u u. Two pieces of dead wood, one afore and the other abaft^ fayed 
upon the keel. 

rv. 

C C. The ftem in two pieces, to be fcarphed together. 

V. 

E E. The apron in two pieces, to be fcarphed togrither^ and fayed on: 
the infide of the ftem, to fupport the fcarph of the ftem ; for which pur^. 
pofe the fcarph of the apron muft be clear from that of the ftem. 

VL 

0. The ftemfon in two pieces, to fupport the fcarph of the apron* 
a. The falfe poft, which is fayed to the fore part of the poft. 

vn- 

B. The ftern poft : It is tenanted into the keel, to which it is faftened 
ttrith a knee^ 

D. The 



Digitized by 



Google 



Chap.il ScantSngsand Dimenjlonu ii 

VIII. 
D. The back of the poft, which is Ukewife tenanted inta the kee! and 
well bolted to the poft j the defign of it is to give lufficient breadth to 
the poll, which feldom can be got broad enough in one piece, 

IX, 

F. The knee which fafteneth the poft to the keel. 

X, * 

' N. The wing tranfom. It is fayed acrofsnhe ftern poft, and bolted 
to the head of it : The fashion pieces are faftened to the ends of it ; un<- 
derneath this and parallel to it is the deck tranfom* 

XI. 
O O, Two tranfoms fattened to the ftern poft and falhion pieces, in 
the fame manner as the wing tranfonu 

XIL 
jP. The tranfom knee, which fafteneth it to the ftiip^s ftde* 

XIII. 

Q^ The fafliion piece, of whkh there is one on each fide ; Their heels 
are faftened to the ftern poft at the height of the floor ribbands^ and their 
heads are faftened to the wing tranfom. 

XIV. / 

T. A floor timber. It is laid across the keel, to which it is j&ftcDed 
by a bolt through the middle. 

K. The lower Futtock. 

XVI. 

T T T T T. 2d, 3d, 4th fbttocks and top timbers. Thefe /hew 
the proper length and fcarph of the timbers in midftiips frame. 

XVII. ^ 
U U. Riders. Thcfc arc fayed in the infide of the (hip, and confift 
t>f floor and futtock riders* 

Cz 25. The 
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XVIU. 
Z. The kcclfon. This is made of two or three large pieces of timber 
fcarphed together in the fame manner as the keek It is placed over the 
middle of the floor timbers^ and fcored about an inch and an lialf down 
upon each of them. 

XIX. 

R S. Bread-books. Thefe are ^yed in the infide to the ftem^ and ta 
the bow on each fide of it^to which they are faftened with proper bolts. 
There are geneally four or five in the form of R in the hold, one in 
the form of S into which the lower deck planks are rabbited ; there is 
tme right under the hawie holes, and another under the fecond deck. 

XX. 

X, Y, Z. are thick planks which are fayed in the infide, and firetch 
fore and aft to ihengthen the fcarphings of the timbers. 

XXI. 

Z. are diick planks in the infide, called clamps, which iupportthc: 
ends of the beams. 

XXIf. 

^5> ^5> '5« ^5> i5> ^^^ ^^ wales. They are planks broader and thicker 
than the reft, which are ikftened to the outfide of the (hip in the wake 
of the decks. We fhall have occafion in another place to (how how 
they are laid down in a draught. As to the plank below the wale to. the 
ked, and above it to the top of the fide, we refer to the fedion of one 
half of the midfhip fi-ame, as laid down in the ptate. 

xxm. 

d^ d^ d^ dy dy dy dy are knees. Thefe are crooked pieces of timber con- 
fifting of two arms, whicli form aa angle, either within or without a 
fquare, or exadly fquare ; their ufe is to fidften any two pieces together, 
as the beams to the (hip fides^ 

/ XXIV. 

' 19. The redden This is joined to the ftem poft by the rudder irons^, 
upon which it turns round in the googings which are fattened upon the 
ftrm ptoft for that purpofe. Theoe is a mortife cut out of the head of 

it. 
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itV into which a long bar is fitted^ called .the tiller^ by which the rod- 
der is turned from one fide to the other. 

23. The cat heads. Thefe are twD large pieces of fquare timber, 9ne 
*n each fide of the bowfprit. They projed out before the^bow, in order 
to keep the aiichor cfear of the (hip, which is hove up by a rope called 
the cat faU» that pafles through fhivers in the outer end of the cat-head :. 
Their inner ends are faftened upoa the forecafile* 

,/^^^ . XXVL. 

^) fj^iiy i% 3!re the feveral pieces which compofe the knee of the head s 

the^oM»^t /^is'fay^to tne ftem, the heel of it is fcarphed to the 

^ head of tfflr forefoot; it is faftened to the bows by two kncc^ oalled 

^cheeks, in the forni of ^^ and to. the ftem by a knee called a ftandard,, 

In the form of K. 

xxvir. 

is &, a^ X Y| are large pieces of timber wlxich fii{^ort die planks- 

of ^h deck. **f . « ^ 

Having thus explained alUbe pieces in the- plate ^ njoejballin the joUowing 
tabk give their fcantlings. • 
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( 15 ) 

CHAR nr: 

A Method U lay dffwn a Seventy Gun Ship upon the Plane of 

Elevation. 

TH £ Dimenfions we have given of the principal parts of a fhip 
of each clafs collected from the pradtice of differeDt builders^ 
which many have fo great a regard to> as not to vary from them in the 
minuteft article^ we think only to be fo far obferved, as they fhall produce 
fuch a form as the fervice the (hipis deiigned for» (hall require^ agreeable 
to mathematical principles. 

We (hall now illuftrate.what has been faid on that head by drawing a 
fhip from thefe dimenfions. But it will be firft neceflary to obferve, that 
the builders make ufe of three different planes for one (hip ; i ft, the plane 
of elevation, in whicli the whole length is* laid down according to a fide 
i^iew \ 2d, The plane of the projeftion, which fbmc call a vertical plane 
of the timbers, becaufe it gives us an end view of the form of all the 
timbers, before the plank is put on. jd. The horizontal plane, upon 
which are defcribed all the curves that are formed by le£tions of the bo- 
dy parallel to the horizon, which muft be confidcred as well as thofe 
vertical feAions which form the curves of the timbers. We may like wife 
form the curves of the ribbands upon this plane^ which will be of great 
ufe in proving whether the form we give the timbers will produce a 
fair fide. 

It is indifferent with which of thefe we begin, -though that of the 
elevation feems moft commodious. But firft 6f all it will be very proper 
to draw out a lift of all the dimenfions of the veflel we are Jo buiW, fo 
that we may have a view of the whole defign. 

This fhip then is to have two tier of giins, fo there muft fee two decks 
^uite fore and aft, likewife a quarter deck as far as the main ipaft, a fore- 
caftle 3 3 feet long, and a poop to (he mizen maft. 

There are to be 13 ports of a fide on the lower deck, the guns to carry 
24 lb fhot ; 14 ports on «ach fide upon the upper dqck, the guns ta 
carry 1 8 lb (hot j on the quarter deck 4 guns, and on the ibrecafl'le 2 guns 
of S lb ftiDt on each fide,^ and 2 of 4 lb oa.eacti fide on the poop. 

Ports- 
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feet in. L 
Ports on the lower deck fore and aft 210 
Diftance betwixt the ports 7 9 
Aftermoft port from the poft ■ . -^ .93 

'Forcmoft/rom the ftem ■■ i » — 17 2 

Height of the fells, including the lower deck planks ^ . 5 

Ports up and down on the lower deck ■ 2 7 

Uiftance from tlie upper fide of the lower deck beam to the 7 ^ 

upper fide of the upper deck beams j * 

Hifing of the fccond deck abaft — 1 1 

Second deck ports up and down • ■ 2 4 

JSecond deck ports fore and aft — — r^ — 2 6 

Height of the fells from the deck line ■ ■ -^ ■> i 116 

JDiftance betwixt the fecond deck and quarter xleck from 7 . ^ 

plank to plank j 

Quarter deck ports up and down ■ ^—^ i 10 

Quarter deck ports fore and aft ■ — • z 

Height of the fells ■■ — — — i 4 

Diftance betwixt the quarter deck and poop .1— • 6 2 

Ports on the poop fore and aft — ^— i 10 

Height of the fells -'~- ' ■ i o 

Length from rabbit to rabbit on the gun deck — ^ 156 3 
Extreme breadth — — — — 42 

Depth in the hold below the plank ■ 21 00 

Rifing of the lower deck abaft, not including the difference 7 ^ 

of the draught of water 3 ' ' 

Height of the ftem ■ — 31 93 

Height of the poft •— — — 31 7 g 

Rake of the ftem — — — ^5 7 2 

Rake of the poft ■ — ' ■ 3 15 

Length by the keel — 139 6 10 . 

Depth of the keel •— — — . 173 

Length of the wing tranfom — — — 27 

Length of the midftiip floor timber —— 2 1 

Rifing of ditto — — — ^9 

Difference of the draught of water abaft more than afore 3 2 

Height of the rifing line of the floor abaft — — ij 6 o 

Height of the rifing line of the floor afore • S 7 5 

I would advife young beginners in the art of drawing to copform 
«xadly to thefe dimenfions, w)iich we have here given for an example;^ 

and 
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and obfcrve all the particular diredlions which we (hall give in laying 
down a fhip o£ 70 guns ; for they muft begin by making themfelvcs 
acquainted with the terms^ and thereby gain a general idea of the whole 
delign. After finifhing this draught, they may then proceed to another 
efa different rate, and as we have given the principal dimeniions of fe-> 
veral good (bips> they may chufe fuch a one as will beA anfwer their 
delign. 

Plate II. Fig. L] ift. Provide a fcale of equal parts properly divided into 
feet and inches^ adapted to the intended length of the draught, and draw 
the line A B, which make 1 56 feet 3 inches for the length of the gun 
deck, fi-om the rabbit of the (lem to that of the poft. 

To find the length on the gun deck,, multiply 13, the! £ in. !. 
number of ports, by 2f. 10 in. the dimenfions of each port [36 10 o 
fore and aft,, the ^roAxxGt is ^ 

Again multiply 7 f. 9 in. the diftance betwixt the ports, ^y I , 

12, the number of fpaces, the produ^ is X^S ^ o 

Aftmofl port before the poft 9 3 o 

Foremoft abaft the ftem. 17 2 o 

Length on' the gun<leck 156 3 o 

2dly, Draw the line C D equal and parallfel to AB, let 21 feet, the half 
ef the main breadth, be the diftance betwixt them, and eredt the perpea- 
dulars C F and D Z. ' 

3dly, Set off 3 feet 2 inches, the difference of the draught of water, from 
B to G, and draw the line A G, which will give the pofition of the 
lower fide of the, keel. From A fet off i foot 7 inches 3 lines, the depth 
of the keel» as in the table of fcantlings, toK, and draw the line K I pa^ 
rallel to A G, which wilt be the tipper fide of the keel. 

4thly, Set off i foot 3 inches 3 lines, the breadth of the ftem, from G 
to M, and draw the dotted line M N parallel to G Z. From G fct off 
1^5 feet 7 inches 2 lines, the rake of the ftem, to O;. 

5thlyj Set up 31 feet 9 inches 3 lines, the height of the ftem from: 
G to P. With the radius I P deferibe the arch P O, which will be the 
fore fide of the ftem, and from the fame center deferibe another arch 
within thefornaer, which will give the inlidd of the ftem, and another 
arch for the rabbit may fee defcribed four- inches before the infide of^ 
the ftem. 

6thly, Set »p 25 feet i inch from K to L for the height of the gun 
dtck abaft, and 21 feet finches from I to.^, for theheight afore. 

7thly, Set up 2 feet 5 inches, the height of the port-fells from L to tf^^- 
which will give the upper fide of the wing tranfom j frpoj which fet up 

D. 2 fcetc 
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2 fect7incBe8, the height of the ports; alfo i foot for the depth, and 
6 inches 9 lines for the round of the helm port trtnfoni, to the point F^ 
which will be the height of the poft ^ fo K F will be 3 1 feet 7 inches 
9 lines. From K fet off 3 feet i inch 5 lines to f^ for the rake of 
the poft, and draw the. line Ffi<x the aft fide of the poft. Fronvy to 
b fet oft* the depth of the keel, and draw the line b d for the fore fide of 
the poft, naaking F ^ ^ oif by fo fliall / O be the whole length of 
the keeh 

The builders are very much divided about affigning a proper place for 
the mid(hip fraine> for which the following metliod may be ufed. 

Divide the line C D into two equal parts^ then take 5 feet 6 inches 
?o lines^ that is ^ part of 156 ft^t 3 inches^ the length of the gun 
deck : Set of this before the middle of the line C D, which will give 
the point F, the ftation of the midftiip frame. Set up 2 1 fcct from F to 
2^ which will give the height of the gun deck at the Andflrip frame. 
From the point Z fet off i iut 7 inches 6 lines ^tfae-r of the height of 
the gun deck at the mid(hip ftame,) through whkn point draw a line V T, 
paraQel to C D, which will be the load- water line. Throogh the point F 
draw the line G^, parallel and equal to the load* water line» which will 
thew how much waiertho Ihip will draw abaft more than afore. 

Que of the frames is. placed pvetty near thecheife tree, which is called 
the loof frame ; to find its place, from the point D ief off 7 of the linb 
D C> and there draw a dotted liM perpendicular to A & Again divide 
the Hne F G into nine equal parts, and draw eigjht lines perpendicular to 
AB, which wdll ftation ei^t firaflMS in the fore^^body befideS that of 
the loof. 

There is in the after^body a fi*ame to balance tbU of th& loof ift the 
fore*-body> thefetwo are of equal breadth in fome points^ and this will 
occafioo the center of gfiaidty of that part cont^ned betwixt thefe two 
frames to be near the plane ef the oiidftiip frame, which will keiep the , 
fore part and after part upon a balance. It muft be as far abaft the 
n»iddle of the line C P as that of the loof is before it. 

The frameS'in the after^body are the fantie diftanee fi-om one anothet 
asthey are in the fore, wtuch will occafion one. more abaft than before $ 
fo.there are nine abaft^ b&fides thae of the balance. 

We fhall in the next place lay down the deck lines, and firft for the 
lower deck draw a fair curve through* the points LZ^, and parallel to it 
draw another curVe^ for the pcKt^fell^ which, are 9 feet 5. inches abovb 
the deck Jine^ 

the 
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The aftBraaoft port is 9 feet 3 inches before the poft, which fct oflhto ;?, 
and the ports are Z feet ro inches lore and aft 3 which fet off from u to ^, 
the diilance betwixt the ports i& 7 feet 9 inches, which fetoff from ;r to Y 
for the aft fide of the fecond port; from Y again fet off 2 feet ro inches, 
.which will giw the forefide of the next. Proceed in the fame manner 
4ill ali.th^ porta are ^aced; fa (halHhe fcx-emoA port foe r/ feet a 
inches abaft the rabbit of the ftem. The height of the port? is z feet 
7 inches, wbkh fct op f?om u-, dvaw a carve parallel to the deck Kne, 
which will give the tipper part of all the ports; after which thcfe two 
lines iiftay bfs wiped ofiE tha draughty which mail be therefore drawn with 
a black lead pencil, andonly the ports inked in. 

Pmw a line ioo the upper deck, which h 6 feet f i inches above' the 
lower from the Odidihip frame forward, and 6'incbe9' more abafe. We majr 
then draw a line ioe the port^feUs, and one for their height, parallel to the 
deck, liw, aod %ace the. ports fiMdlaC they n^y 6e exadty over the mid* 
die qf (^ (fiHaoce betwixt the Lower deck ports^ 

B((f<>!;e. we. can fetoE&be. height of the quarter deck we moft'find the 
true pl^e: ofi dsd: maia^ taskOu The general riiTe i^ to take 4 lines fbr 
eyei^yfootthft gUQ! dock i» in^kngth, md fet it off' abaf% the middle^ 
which will gike! thejfbmfide of die mafb, now the rengtb* 1 56 feet x inches 
X 4;li|i9Si»62i5 904^ Jbeb 4inch<s& i^ fine, which fet' ofF abaft the mid* 
dlft of the liQ& C Q^ :aiid' them e^ett* a fine perpendicufar to- t^e water-line^ 
whi(^h^Will! hei bbe fiioe fide^ofith^ maft; and^paraltel to it'dtawa line' fbr 
tbft mickflc* aiidi one fcK the afefldt of! the mafi^^ the diameter of which isr 
3.5 iqtl^MU Setoff dj feet 6 inches oh tfie aft fide of thamain maft; fbl^ 
the h>i^'o£thtfe, quarter cfecte afbre, and' 6^ feet ro inchcy fbr the height 
^ba&5, ^'dfiaw-a. lido. Manly paraH^I to-that of the-uppcr- declc, which 
wiUib* (iiet. line: foit^thoi quar^err dteofe. Wfe may dien* fpace thr ports, 
£6 th^tithejRtmajjjrbeiexaAiy over tbofe of the- lowe« deck. The-fbirciftle 
1%. d.fe^t 6.iQchiis.hig;h,a^ winch diftaiiGe draw a line* parallel to tlie up- 
per de^k liae, which. wilL give thct line for tfcefbrecafUe deck; As^to 
the length of this deck, it ends forward^at tKerbeak head;. and is- carrie* 
aft difcretionally^ obferving to leave room for the capftan bars. In fpa- 
cing the ports upon the forecaftle, care muft be taken that none be op- 
pofite to the fore ma(L Now to find the center of thismafl^ take 1 5 feet 
7 inches 2 lines, the tendi part of the whole length, which fet off from 
the rabbit of the ftem upon the lower deck abaft, from v^hich point fet oflF 
3 ^ inqhea and i line, being the diameter of the mafl ; through the middle 
pf this draw a perpendicular line, as in the plate.. The boltfprit gene- 
rally makes an angle of 34 or 35 degrees with the load -water line. 

Dz The 
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The poop is pretty near parallel to the quarter deck ; the diftancc be- 
twixt them forward is 6 feet, and abaft 6 feet 3 inches. It ends about 
a 8 inches before^ the mizen maft^ the aft fide of which is 4 of the main 
breadth. before the rabbit of the poft upon the gun deck. 

The counter is .generally an arch pafling from the upper fide* of the 
vwing-tranfom to the lower fide of the beam of the fecond deck. The 
.rake, of the lower counter is 4 of an inch for every foot of the main 
Ijreadth. The rake of the fecond counter is 4. of the lower; its height 
above the deck is 3 feet 5 inches. The hollow of the counters is altoge- 
ther arbitrary, infomuch that fome give none to the lower. The upright 
•of the ftern rakes 2 inches in a foot, as in the plate. 

The beauty of a (hip depends much upon giving the wales a proper 
hanging; for by them the flieer^nd drift rails arc regulated, being all 
nearly parallel to one another^ though they generally rife a little more 
abaft on account of the accommodations for the officers. It is tbk 
which makes a fhip look airy and graceful in the water* There is no 
certain Tule for laying them down; this is left entirely to the fancy and 
tafte of the artift ; but in placing the wales great care muft be taken that 
they be wounded as little as poffible by the ports ; the foremoft port on 
(he gun deck muft be i iov 2 inches above, and the third port from 
abaft juft touch the upper fide of the upper ffarake of the main wales. 
The lower edge of the lower flrake may glance with the edge of the wa« 
ter when loaded. There are two ftrakes of wales, and one ftrake between 
them of 1 5 inches broad each. The range of the deck ihould be confi- 
dered in placing the wales^ fo that the fcuppers may be in the ftrake. 
betwixt the wales. The like caution muft beufed for the channel wales 
as may be feen in the plate, where they are all laid down, together with 
the flieer and drift rails ; the rails^ cheeks, and knee of the head are like- 
wife laid down in the plate, and being for an ornament to the fbip, arc 
.left to the fancy and .tafte of the builder. Though the knee may help a 
{hip to hold a good wind, the fore part of it is generally one twelfth 
j)art of the lengdi before the ftern. 
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CHAP. IV. 

7» lay down the Frames upon the Plane of Proje&ion. 

H AVI NO thus explained all that. is neceflary to be delineated 
upon the plane of elevation, the next thing to be determined is 
the different breadths of the ^Hiip at any afligned points of the lengthy 
whereby we fhall gain the forms of all the planes that ate made by Sec- 
tions, perpendicular to the load-water line. The timbers that compofc 
the body of a fhip are fuppofed to have their planes in that pdfition, and 
may be alldelineated upon the plane of the projedtion j but as both fides 
of a (hip are exadly the fame, it will fuffice to lay down thihalf of each, 
ihofe of the fore-body on the right, and thofe of the after-'body on the left 
hand. And whereas thefe planes diminiih afore and aft, the planes of dl 
^e frames may be a^ delineated upon the plane of the mid(hip one, 
which may be called the mafler-frame. . The firfl thing then neceffarjr 
to be known, is how to form this frame. 

The mid-fhip frame is that which is at the broadeft part of the (hip. 
The builders differ about the form of this frame, but there are feveral 
preliminary operations which arc neceflary to be obferved in all the dif- 
ferent methods ufed in forming it^ 

Preliminary Operations for forming the I^dft4p Frame. 

' Plan ra, ?%. l.anda.] jft. Draw the line AB to reprefcait the upper fide' 
of the keel ; it mufl be at leaft as long as die (hip is broad. This Ime our 
author calls the line of aculement^ t)ecaufe upon it the aculement of tlie 
diidftiip floor timber terminates. 

2dly, Draw the line C D parallel and equal to A B, fo that A C and 
B D may be equal to the rifmg of the midfliip floor timber. This line 
may be called the rifing line, becaufc it limits the height of the ends off 
the mid (hip floor timber above the keel. 

3dly, Draw the line G H, for the height of the lower deck, parallel to 
tlie former ; and below this, draw a line to reprefent the load- water line, 
taking its diflance below the deck line from the plane of elevation at tlie 
midfliip firame. Draw alfo the lines IK and LM, the one for the fe- 
«cond deck^ and the other for the flieer rail or top of the flde in midfliips. 
TJ^ height of both are to be taken firom the plane of elevation. 

4thly, 
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4thly, Draw the Knc N O perpendicular ta A B ; this is called the 
middle line, and rcprefents the middle line of the ftem and poft, dividing 
the whole (hip into two equal parts ; and parallel to N O draw the lines 
AL and BM, to limit the breadth ^ alfo a line for half the thicknefs of 
the ftem/ and one for half the thicknei^ of the foft. I>raw the lin^s z x 
parallel to N*0, dividing the Imes O A and O B into two equal parts* 
Pcav^ alio the diagonal G B. Thefe lines being drav^n^ we may proceed 
to form the mid(hip frame by fome of the fblbwiog methods^ 

METHOD L 

To form 4 MidfiipL Frame ^ tbatjhall be neither to((jf)arp nor too fiat.. 

P/aulU. Fig.I.} ift. Divide the line ^^ whichtoa^ks the h^ajd of ^ 
flqpr timber into three equal parts ; fetoff ojic from a toi. 

zds Divide the line /B, the diftanc^ Ij^etwixt t^* Ip^^^.f l^a? aad 
^"upp^ fide o( the keel, into fcvcn equ^l parts ;. fct q^ oae q| tj^^ 
froiij^ /to e^ and from ^ tp m, and draw the diagoijal 4 Y> ^Wch divide 
iot£^twq. equal parts' iji the gpifit^ % -?Vc?<<>. '$? k^K^^J* ^Yii^. Wpid 
mf^ after fk^ding tbs, fioint n. 

.3d. Deferibe an arch of a circle tp.^pfi^a through the pqintj& b aqd e ; 
inake the radius the. W.holf lengtK and b^f the l^^H^*}) of die Un^ 9^, fo' 
^e! center A may hif found by dd5bribing^^.su:<:h. w^ that racjius: from.^^ 
and; <?^ ff 9*?i 4 '9 ^Rffi^^?^( 9"f . ^S^^9^ H^. At. we flifdl only make uft of 
that part of tiiis arch betwixt / and m. Hqjfe tq finfi tiiQ q^)^ ar^ghfift 
»!ii/, /^, /jff, « V, it muft be obferved, that, in order to reconcile two- 
arches, fo a^ tamjiu^ a^feir-curye^ a. ftrait line muft pafs tl^roqgh the cenr 
ters of botlf, arid through the points where they unite or touch one ano- 
ther; draw therefore the liflqs A^/sp apd A/, fo ih^ll^.be ti^ qcntero^ 
th? arch m d^ and e? tii^ center of the arqh/^^ Again, tferqqgh thec^n^qr 
<?^dr.a^ the lin^ ao, produce it, to P, w)iich vs;ill.b? tl>e/ centqr of tl^ ^cl>, 
dn. Lailiy, from P thro* n draw the line ? J* i will, be the center of the- 
i^vert^d arch n V. ^ote^ the, center s will be^ without' tj)e Plate. 

^th. To form the top timbej:, fet back,tji^ tcn.th part of the half breadth. 
fron^K^tp S, upon tlie line q( tlie %op,<) deglf ; dejfcribe an arch of a, 
circle tfiro* the points i and S, takjp^ ^ gf the; whole breadth for ther%- 
di\js : Again^ ffom.thj?^ .point NJ, upion. t|^e^^pe , t M». ^Fi^ bapk th^ fiftjj part 
oi: the v^ole. Iff^gth to /, Deforilie . ap. arch of ^ circle, tl^ro' thepqinte 
S;and /, talking tKe diagonal G.6 for the ra^^i^s.. As. this. arch is inverted 
in.r^fpeA of the arcjh ^S^ the center w-Ulb? W^thqut tjie figure. This., 
cofppJeats.th^form c^-halfthe qii4Q?ijj^af»Lp> a^id.l^-thefaime op^^tipns 
we iriay find tiie other half, 

It. muft be obferve(i, that there is no regard had to the round of the 
beam m fetting off the deck line or depth of the hold. M E- 
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M E T H O D f I. 

^0 defcribe a MidJIoip Frame of a circular Floor: 

Plati 111 Fig Ah] From the center G, the pdiht ^hcrc the midclle line 
ihtcrfe€ls the deck line, riiakliig the half breadth the raBiiisi defcHbe the 
arch 6j G, ^, O : Let d be the head of the floor timber, and d x the rifing. 
AlTume the point yj' according to what round you propofe to ^Ive to the 
fecond futtock, and defcribe the arch df-, the center may be found as di^ 
redted in the preceding mfethdd; Divide the arch c O into three equal 
parts; fct off one frcnn c to g^ and from the center B^ defcribe the arch 
dg ; there remains only the inverted arch ^ Y to be defcribed j the center 
may be found as before dire£t6d. 

METHOD III. 

To draw a Midjhip Frame niohicbjhdll be full. 
Pbu IH. Fig. HI.] 2 ft, Draw the rifing and deck lines as before ; Xd ik 
ht the rifing. 

2d. Make db the fide of the fquare dbac equal to C^ the 7 of the 
l^readth^ 

3d. Iqfcribethe two qiiadrintS ceb^ and cfb^ into the f^uart. 

4th, Divide the fide c d iljto a certain number of equal parts in the 
points O, N, M, L i2 5 draw the lines / L> A M, ^c. perpendicular \o ac< 

5. Divide the line CG, the depth of the bold, after dedudling the ri- 
fingjy' into the fame nutnber of equal parts in th6 points £, F^ I, K, and 
mate. the lines E/, F j, I r, 1^ ^, ii) the frame, equal to the lines O i; 
IsT ;7,'M ^, L /;? in the fquare, defcribe a curve through the points G,/, q; 
Ty y, 3, and the' remaiiiing part of the frame may be defcribed by the pre- 
ceding methods, 

M E T H O D rv. 

To defcribe a Midjhip Frame for a very Jharp Ship. 

Plattm. Fig. ly.] Let the length of the floor timber be half the br^adKh 
as before, and the rifing one fifth or cbe fixth of the whole length of the 
floor timber ; lay this oflF from x to E, and defcribe a parabola throueb 
the poihtiB G, P, Q, E, of which the point G is the vertex, and G 6 the 
axis. This method is extraded from M. Bougiier^ Tjie. parabola may 
be fofdied by the following method : i, Througli the i5bint E drdw the 
line T;i: perpendicular to G C, and the line ^E pcrpftidiciilar to'AGi ahi 

produce 
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produce the line C G to D. 2dlyi Upon the line CD find the center o£l 
a femicircle that (ball pafs through the points T» i^ and D^ fo (hall G D be 
the parameter of the parabola, by which we may find, any number of' 
points through' which the curve muft pafs : iFor inftance, fuppofe Ir were 
required to find a point in the perpendicular X P, through which the 
curve mud pafs \, uponthe line G.D End the center of a femicircle whiclv 
ihall pafs through the points Dand X; this wiU iotcrfed the line AG in 
h^ make^ P equal and parallel to G X, fo fball P be the point required y 
injike manner, the points a^f may be found. The remainder of the 
curve from JB.to y.wiil be compofed. of two arches, the one to reconcile 
with the parabola iathe point E, and the other inverted to pafs through, 
the point j^ ; the center, of. which may be found by any of the preceding, 
methods. In order to find the center of that which joins with the para- 
bola, make T R equal to half the parameter GD, and draw the line E*R, 
upon which find a point S^for the center of the arch. 

We might (hew a^eat many more methods of defcribing this midfliipi 
frame. It is very true, that great care ought to be had in forming this 
frame, becaufe upon it chiefly depends the form-ofall the other tim&en ; 
I fay chiefly, but not altogether ; for two (hips may be (imilar a&to their 
mid(hip frames, and yet very diflerent afore and abaft \ and though the 
artifts (hould make themfelves acquainted with all the different ways o^ 
forming this frame, X (hould recommend that method to them which is^ 
the fimplefl, and which gives them the moil: liberty to vary the form of : 
it, according to every one's particular tafte or fancy y. and it is very pofli- 
ble there may be fevcral other methods as eafy and plain as thofe we have 
defcribed* This frame being once formed, we may form all the re(V uponr 
the fame plane. We (halJ^ in the next place^ (hew the differenrmetbods- 
ufed by the builders for that purpofe. 

The ancient builders^ ftot being acquainted with the methods of laying 
down their defigns in a draught, found out a mechanic way of doiiig thisj 
only by help of the midfhip frame, which they might have formed by 
fomeof the preceding methods, or any other contrivance of their own;. 
and though this method is defeSive in feveral points^ yet ae it*is an inge^ 
WQUS contrivance^ we (hall give it a place here.. 

M E T H O D I: 

Of forming the Timbers' hy a Mould made to the Mit^ip Frame ; a rifng, 

Staff and overcajl Staff. 
Plaulll. Fig. VII.] ^(t Having, forflied the mid(hip frame, and fet off it». 
(SuintHngs, make a mould to fit both outfide and in(ide> which may ba 
called .the ^end mould. ad« 
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2d. Draw the Hne Z ;^ to limit the head of the flooLtimber at d; let d u 
be the rifing, and draw the line au; let / be the height of the rifing line- 
abaft, and draw the line d t to reprefeot the floor heads, or floor ribband. 
Set ofF^ X: from i to H ; and fronvr, the head of the fkA iuttock, to. 6^ 
and divide each in fix equal parts^ being^ the number of frames from 
midfhips to the balance frame. 

3d. Divide the line a u^'mto five equal parts, ^and fetoiFtwaof them 
from /z to S ; divide the line a S into the fame proportion, that the part 
A 6 of the bafe A C of the right angled triangle [Fig* ^).\^ divi.ded into,, 
and transfer thefe divifibns to the bend mould,, and let them be numbered 
o, 1,2, 3, 4, 5, 6, which points will give the narrowing of the floor, as 
we (hall Ihew^ after conftruding, the triangle. We fliall only remark, 
that the line a S, which is t of ^ «, is nearly the difference betwixt half 
the length of the midfhip floor timber^ and half the length of the floor 
timber at the balance frame. But as this appears to be too much, we may, 
t&ke 7 ^ in ' the figure, or any other quantity which fhall be thought, 
inoft convenient. 

To conftruSi the Triangle, Fig.. 5. 

Upon the line AC, drawn at pleafure, fet oflTany diftance from A to i,. 
and double that diflance from i to 2, tpeUe firom 2 to 3, and fo on m; 
ihe fame progreffion till we have as many divifiwis on the line A C as 
we propofe to have fi-ames abaft the mid (hip. EreA a perpendicular at 
A, which may be produced at pleafure, and from any^ point B draw lines 
to all the divifions of the bafe A C Obferve, that though in the triangle 
we have.drawB a line for every frairie to the fafluon piece, we fhall only 
make ufe of fk, tkere being fo many to the balance frame. The triangle 
being thus conilrudled^ ^Pply ^^ I'^^e <? S to it, in fuch a manner, that it 
may be parallel to A C, and be contained betwixt the lines B A and B 6» 
the lines drawn from the point B to the points i, 2, &c. will divide it 
into the rcqwiucd proportion. ^ 

To coHjkrua the Rifing Staff, Fig. 5*. 

This ftafFK L niay be of the fame breadth with the keel, and a Tittle 
longer than tf /j the height of the rifing of the floor. In order to graduate 
that flafF, fet off x u, the rifing of the midfhip floor from K to 0, and 
make L equal \o at \ ^PP'^y ^^ ^^^e ^ L to the triangle, fo that it may 
be parallel to the bafe, and contained betwixt the lines A B and JB C thiS 

£ lines 
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lines from the point B to the feveral points in the bafe will divide it into 
the required proportioi^ which will give the i-ifing of the floor. 

Nofe^ Our author calls xn the accukment^ and u d the rifin^ s the line 
14 a wllpafi through the point where the inverted arch joins the floor Jweep. 

To tonJlruS the emer oajl Staffs Fig. 5, 

That we may have sr clear underftanding of what is meant by over^ 
cajlj it will be proper to obferve, that in forming the frames by the bend 
mould, when it is fet to the narrowing of the floor, the head of the 
mould wili come too for in ^ the deck j the mould muft therefore be 
moved round upon the point which reprefents the floor ribband, till the 
head goes out to the proper breadth j this will occaiion the lower part of 
the mould to rife a certain quantity, which is called the ovcr-cafl:. In or- 
der to graduate this ftaff we muft determine the difference betwixt the 
main breadth at the midfliip frame, and at the balance frame, which fupr 
pofe DF, let this be placed parallel to the bafe, and contained betwixt 
the line B A and B 6 ; fo (hall the lines B 6, B 5, &c. divide it into the 
required proportion. 

Thefe are the inftroments that are neceflary for forming the after 
framet, tbofc for the fore part are conftradbed in the fame manner, only 
die graduations for thefe are but h^lf the graduations of the former^ for 
which reafoQ ther« muft be another bend mould graduated for the 
Ibrebody. 

Now^ in order to form the frames by thefe inftraments, place the bend 
mould upon the rifing tftaffin ikch -a mamer that the middle line of the 
ftaflF produced, may pfl& through the narrowing of the floor up^i the 
bend mould, exprefled l^the dSviiion correfponding to the frame to be 
formed ; fuppofe iranne 6, {Fig* 7.) the lower or ft rait part of it 
expreflfed by the dotted line in the figure being applied to the ri* 
fing ftaff, till the middle line B a pais through the dtviiion 6 on the bend 
mould : mark by the edge of the rifi^ ftaflp'the point 6, which expreflSss 
the rifing of the floor at that frame. Set up the over cad (exprefled by 
the fpace contained betwixt the poiots J ana 6 upon the over caft ftaff) 
from the lower part df the bend mould to the 0oint 6 upon the line B^; 
then keeping the point d immoveable^ ^n tne bend qiould upon thia 
point till the lower part rife to the over <:aft at the point 6, upon the line 
% a^ and when in tnis pofitiQU we may dei^ribe the curve to the floor 
^ead, and then invert the bend mouldy and placing. the point 6 (betwixt 
lived H) to the point fet oflf before t9 exprefs the riiine,j|turn the mould 

m 



Digitized by 



Google 



till the firait parttodch the curve before defcribed, and then draw the 
lower part, which compleats the frame. 

This is the method that is ufed when they mould the ttmbefs, and it 
may likewife be ufed to lay them down upon a draught }. for if the line 
iSf/^ ofthe bend mould {Fig. 8.) be laid upon the line AV\ we nxay^ 
when in that ppiition, defcribe the midfhip frame from the point d 
to the point oc. In like manner we may defcribe all the reft of the 
frames, by giving each its proper over-caft and rifing ; as for inftance,. 
if it were required to defcribe frame 6^ take the rifing iL 6 upon the 
rifmg flaff, and fet it off from the point B to the ^int a upoii the 
line B ti, and dcaw a line through the point a parallel to A V, upon 
which laying the bend mould in firch a nKinner that the point b, 
which expreflbs the narrowing of the floor, (hall be upon the point a ; 
then will the point d be upon the point R : Set up ^e proper over-caft 
from a to 6,and keeping the point ^immoveable,. pu(h up the bend-mould, 
Xvhich at firft was placed at the point i?, till it be raifed to the point 6, which 
will throw oat the point x to the proper breadth at the deck. But be^ 
caufe the deck i$ higher at timber 6 thaaat the lmd(h]p frame. Take 
the diflance betwixt e and 6, at die head of the futtock on the bend 
mould, and fet it i^ frdm x to 6, and dien inverting the bend mould, fb 
that the point 6 betwixt iand H be at the point X, and the ftrak part of 
the mould touch the curve befrve defcribed : we may Chen defcribe the 
lower part to the point X, which compleats the, whole frame. The tim- 
bers for the fore body may br defcribed hy the fame procefs as thofe of 
the after body, only making ufe of the bend mould, rifing» and overcaft 
ftaff, graduated for that purpofe v bat, as we obferved before, we cannot 
ky down any timbers by this, method, but thofe betwixt themiddi^and 
ballance frame. 

The builders Ending how very advantageCMis it Would be for them to 
form all the timbers upon the plane of the projeftion, becaufe they could 
then at one view fee how they would compare one with another, have 
tried feveral expedients tp perform this, of which t might inilance ten or 
twelve, but fliall content myfelf with explaining thre*,. which may be 
fuflkient for thofe pUrpofes, in ordbr to which 1 (hall feft fliew another 
method of forming the midflaip frame, difimm froth thofe we hzst 
fhewn before. 

BktellL Fig. 6. ^^- ^^aw the rifing deck, and toad-water lines, and fet off 

the length of the floor timber as before. 

2d. Take one fourth of the length of the floor timber, and fet It ofF 

from to ^, upon which ered the perpei^dicular lir^ and divide it intd 

two equal parts in the point e^ B z 3d« 
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3d, Defcribe an arch through the point a^ the head 6f the floor tim- 
ber, and the point e^ taking for the radius the diftance from the upper 
edge of the keel to' the port-fells, or a little more or lefs, according to 
what round you propofe to the floor head- This determines the rifing of the 
floor timber,, and with the radius 07, half the lengtlvoP- the floor timber, 
vdefcribe the arche Y, which deteimincs the ^w^i^^/^/rte'ffi^of^he floor timber. 
»4th. At the point/, the middle of the line A O, •efredtthe perpendi- 
cular / m J and at the point w, the middle of the line A /, tvtdi the per- 
pendicular no'^ eredt alfo the perpendicular ^y at the middle of the line 
A n i and another r s^ at the middle of the line A f ; and laftly, another 
i u^ at the middle of rthe line A r. 

5 th. Take the diftance / //., which fetiofFon the Vint no from « to rjj 
and on the line p,q^ from p to g:^ then taking the diftance from > to g^ 
iet that offirom p to y -^ again take the diftance^ y^ which fet off froni 
r to b^ and the diftance ba from rto F ; and laftly take the diftance r P. 
wJiich fet ofi^from t to E, and then the diftance E <7 froth ' t to X/ a curve 
_pafling through the point tf, 2:,^,.F,X, T, will-form the midfhip frame un- 
der water. We may ^heiifet off half the thickdefs of the poft and ftem 
on each fide off the middle line, and form the reft of the timbers; thofe 
for the fore body on the right, and for the after body to the left of the 
middle line. 

Platell, ^^ '^^ W dowfi the poft upon the plane of projedion, take the 
difFerence^of thedraught of water abaft more than intnidfliips, as 
marked on the plane of elevation (Fig. 12,) fet oft this from F to e^ 
{Fig. A.} and draw the line d e parallel to A B ; take alfo K F, the height 
from the plane of elevation, which fct off from ^ to r, fo fliall the point r 
be the head of the .poft, 

2d, To lay down the wing tranfom, take its height from tlie plane of 
elevation, which fet up on the plane of proje^ion to /, and draw the line 
jg-y perpendicular to the middle line, fo^y'reprefents the upper fide of 
the wing tranfom, without regarding the round up or the round aft. Tstke 
alfo the height of the rifing line upon the poft from the plane of elevation^ 
which fet off from '^to<j. 

3d. To form the faftiion apiece.; take upon the plane of the projeflion 
n G the height of the load- water line, above the rifing line upon the 
poft, which fet off from n to (? upon the water line j take alfo G P, the 
diftance betwixt the rifing line and lower deck, which fet off from P t« 
q upon the deck line, and defcribe a circle through the pointsy^ q^ 0. There 
is a problem in geometry to find the center of this arch. Ncte^ the point 
f may be takenfurther out or in,. as you defign a lank or full faftiion piece. 

. . .Laftly, 
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Laftly, d^fcribe the arch G ; the radius of this arch may be the main 
half breadth ; fo fhall /", y,.c>, G, be the form of the fa(hion-pieGe, which 
tnay be varied according to the fancy of the artift, by altering the centers. 

Having thus formed the midihip and after^frames^ we fhall, in the next 
place, ^ihew how to fpace the ribband lines, which are reprefented by the 
diagonals in the figure ; .but it will be proper to remark, that the ribbands 
are thin narrow planks, which are made fo, that they may eafily be bent 
to the timbers. That^which is nailed to the pofl at the height of the rifing 
line, and to the midfhip frame, at the end of the riiing of the floor timbers, 
is -called the floor ribband. That which anfwers to the wing tranfom and 
to the height of the lower deck, on the onidChip frame, is called the breadth 
nbband ; all the refi betwixt thefe two are called intermediates. 

From the point H draw the line H G for the floor ribband, and from 
the point T draw the curve T, E, y, p for thie breadth ribband, and draw 
the two intermediates betwixt them, fo that by them the curve of the 
mid/hip frame and falhion piece may be divided rinto three equal parts. 

Now, it is very plain, that. if the ribbands had a proper form, andnail'd 
at the : proper heights and pofitions, they would compofe a kind of a 
model, by which the ,circular ioxxn of every timber might eafily be dif* 
covered ; but as we have oiily the extreme points of each given, we 
cannot from thence form fuch a curve as (hall be necefiary* We mud 
therefore find a method to form fome intermediate timbers betwixt the 
midfhip and after one, and thereby form the ribbands fo that they fhall 
make fair curves. There are fome preliminary operations which are nc- 
ceflTary towards performing .this* 

J ft. I'd novJlruSl an equilateral Triangle for tbe TrogreJ^on of the 
Frames in the After^Body. 

Tlau IV Fl I Prom the point M fet oflF any diftance to i, upon any 
• '^- • ftrait line, and from i to 2 treble that diftance, from 2 to j 
five times that diftance, fi-om 3 to 4 feven times that diftance, and proceed 
in that progreftion, increafing the fpaces betwixt the figures by equal 
diflPerences, wz. double the diftance betwixt.M and i, till we have as • 
many divifions lefs one as there are frames betwixt the midihip and poft, 
including that of the midfhip and poft ; and becaufe there are nine frames 
the line muftconfift of ten divifions, from the point M to the point E. Let 
them be numbered i> 2, 3, &c, make M E the^bafeof an equilateral trian- 
gle S ME, and draw the lines 61,82, Gfr. obfcrving to produce them 
all till the diftance betwixt the lines S E and S 9, upon a line parallel to 
ithe bafe, be 2X leaft equal to the. diftance betwixt the firames in thq plane 
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of ekvaticm. The line S M reprcfents the midfhip frame, and the lint 
S E, the pofti and the nine intero^diates reprefcnt the nine frames be-^ 
twixt the mid£hip and poft. 

In order to give ua a clear onderftandiag of the ofe of this triangle^ it 
will be neceflary to remark, that the midfliip frame being that which in« 
clofeth the greateft fpace^ and the aftermoft that which indofetb the leaft, 
it will follow^ that the intermediate frames will partake of the form of 
each, but moftly of that to which they are neareft > yet they will ilill 
retain a little of the form of each. Hence^ when the intermediate framea 
are all formed, their curves will divide all the diagonals, drawn in the 
pkne of proje^ion, into as many parts as there are frames i and alt the 
methods the builders have invented ferve only ti> divide them into fuclr a 
proportion as fhall produce the faireft curvca. 

Now,^ if the proportion pitched upon for that pm'pofe, be as i, 3, g^j^ 9^ 
^c. then they muft all be divided into the fame proportions as tHe bafe 
of the triangle is divided into ; and this may be performed very readily^ 
only by taking the length of each diagonal from the plane of the prc^c- 
don, and apfdying it to the triangle in fuch k fluuuior that k fliall become 
the bafe of an equilateral triangle ^ as for inibnce^ te divide the firfl io^ 
«ermediate diagonali take die length of it in the plane of projedion^ 
(Plate IL Fig. 3.) and fet it off from the point S to m and k on the fidca 
of the triangle SM and SB $ and draw the line miy which being parallel 
to the bafe of the triangle. Will be divided into the fame proportion. 
In like ti^nner^ all the reft of the diagonals may be divided^ but as 
the builders are hot agreed as to the precife form of a Chip's bottom, fome 
chufe to divide the bafe of the triangle into another proportion ;. othera 
again, in applying the diagonals to the triangle, give them different incli* 
nations to the line M S. It would be very proper to try feverai of thefe 
methods, .by wfaidi means we might diicover whk:h would be moft con* 
venient; and after all the diagonals are divided into. as many points as 
there are frames, curves pafiing through thefe points will determine the 
form of all the frames from the midOiip to the pofl« It only remains to 
(hew how to end each frame upon the poft. It was before obferved, that 
the keel is not parallel to the furface of the water, fo that it will ha 
very eafy to conceive that the height of each frame, taken from the up-« 
per fide of the keel^ upon a perpendicular to the furface of the water^ 
will always increafe, the neater the fi^me is to the flern pofr. Now,. 
gViis what die keel is deeper abaft than at the midihip frame ; and to find 
how much any frame abaft exceeds that of the midOiip, fuppofe the firft ^ 
take th; diftance betwixt the line g O and K I at that frame, nrom the plane 
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of elevation, {Plate 11.) which fct off from F towards d^ (Fig. 3.) and at 
that point draw a line parallel to de^ which will be the firft frame upon the 
keel. In liicc manner we may draw lines parallel to de^ for all the reft, as 
in the figure, which will determine their heights from the upper fide of 
jhc keel to the furface of the water. 

It rouft be obferved, that the diagonals in the plane of the proje<aion, 
which end on the fafhioo piece, muft likewiie end on the fafhion piece on 
the plane of elevation s we muft therefore draw the fa(hion piece on the 
plane of elevation. Thus, take the' diftance of the point G, in the plane 
i>f the projcdion, from the upper fide of the keel, which fet off upon the 
ftern poft in the plane of elevation to the point i& ; through «^ the rabbit of 
the wing tranfoip^dr aw the flrait Une b M, which will reprefent the faihion 
piece on the plane of elevation. Now, as only the lowed diagoaal ends 
4ipon the poft, in the plane of projedlion, which in the plane of elevatioa 
€Bds at h. fi> the other. diagonals that end upon the fafhion piece, muft 
likewife €Ad OA the fkftuon piece in the plane of elevation. Their 
height muft therefore be transferred from the plane of the projedlion 
to that of the elevation ; fo the fecond diagonal will end ^ the point P» 
4ipQnthe faft^ion piece in the plane of elevation. In like manner all the 
jreft may be transferred to the plane of elevation s and as the line that re- 
preients the faftiion piece upon the plane of elevation xakes aft, this will 
<)ccafion the line P 8, whkh k perpendicular to the line that reprefents 
irame 9, tp exceed the line h M. Jn the triangle, the line S M reprefents 
the midftiip frame» ^nd the line S E the poft ^ that is, if the point whece 
the ribband ends on the poft, be equally diftant from frame 9, that frame 
9 is from frame 8. Now, as M i& is longer than M L, we muft draw the 
4ine SI> without the triangle, which is to be ufed inftead of the line SE, 
when we come to.^pply the diagonal HG to the triangle.^ for the point 
H muft touch the line S M, and the point G the line SB. To find the 
point D, take ^ M L from the plane d elevation, and apply it to the 
triangle, fo that BC (hall be equal to it, and parallel to ME; it muft 
alfo be contained betwixt the line S 9 and S E. Theq take h M, and fet 
it off from B, which will give the point D. In like manner the line SF 
muft be ufed, when we divide the diagonal MK i and to find the point F, 
fet off P S, in the plane of elevation, fromB to F in the triangle j^and^raw 
the line S F. In the fame manner there muft be lines drawn for everjir 
Ph^ IV F" n ^^^g^"^ without the line S E4 fo the line S £ is not ufed 
*' -' in dividing the diagonals. Let it be further obferved^ that 
in applying each diagonal to the triangle, it muft not only ht contained 
t>etwixt the line S M, and the line correfponding to the diagonal,^ which is 
<o be divided, but it muft Ukewife form a certain ar^e with the line M S, 

that 
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that isy with that part of it which is iiucrcepted betwixfthc diagonal and 
the point S. Thcfc which appear to me to be propereft for that pur* 
pofe are as follows : The firft diagonal to make an angle of 60 degrees ;, 
the fecond 62 i:, the third 68, the fourth 86, the fifth 65, the fixth 60 de- 
grees J but the artifts vary thefc angles according to the form they defigii 
to give to the timbers ; nay, fome draw them always parallel to the bafe 
of the triangle. . 

Our author then proceeds to the forebody\ and forms a triangle^ the bafe 
of which he divides in the fame manner as that already defcribed^ by which 
he divides each diagonal. He likewife Jhews bow tofpace the diagonals upon 
the Jlem 5 but as the artifts leave usfo much undetermined as to the angles 
that £ach diagonal is to make with the line S M, when they are applied to 
the triangle y it will be very difficult to apply this method to practice. So 
we prefume it wiU be needlefs to fay any more on thai beady judging what 
has been already faidfujicient to give our readers an idea of the principles 
on which the method is grounded ^ we fhall procetd therefore to the next we- 
thod he propofes^ 

To form the Timbers by a garter of a Circle. Plate IV. Fig. 2, 3. 

I ft; Form the midfliip frame, the fafhion piece, the foremoft timber, 
alfo the two balance frames, by fome of the preceding methods. Note, 
Thofe who make ufe of the following method of forming the rejl of the tim^ 
bers^ are fuppofed to be previoufy acquainted with the manner of forming 
the midjhipframey &c. 

2d. Space all the diagonals fer the ribbands a& direded ia the pre- 
ceding method. 

3d. From the center A^ with any radius, defcribe a quarter of a circle, 
and divide it into fo many «qual parts, that there may be a point for each 
timber to be formed, and draw the radii A i, A 2, G?r. to A 9, fo we fliall 
have one for each frame. 

4th. Take a 3, the firft diagonal, which fet off from the point A 
npon the line AC, to i. 

5th. Take a c^ the diftance upon the lower ribband, betwixt the poft 
and balance frame, which in the plane of projection is the 6th frame, fet 
off this diftance upon a perpendicular ereded upon the line A B, to in^ 
terfedt the radius A 6, in fuch a manner that the perpendicular G i fliall 
be equal to a c. 

6th. Produce the line C A to F, and upon this line find a point, which 
fhall be the center of a circle whofe circumference fliall pafs through the 
point I, before marked upon the line A C, and the point i, now marked 
upon the radius A 6 ; defcribe the arch through thefe two points to the 
point I on the line A B. 7th. 
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7th. Let fall perpcndicolars to the line A B from the points Where the 
arch I, I, r, interfec^s the feveral radii. Transfer thefc perpendiculars to 
the line a b^ v^rhich will divide the lower diagonal into the points through 
which the curves of the frames muft pafs. Note^ the perpendiculars arc 
not drawn^ to avoid confufon. 

After the fame manner all the other diagonals are graduated,, firft by 
taking the whole length of each diagonal, and fctting them up on the 
line AC, from the point A to the points 5, 4, 3, i, 2, and fecondly, by 
taking the feveral diftanccs upon each diagonal intercepted betwixt the 
after frame and the balance frame, and applying them feverally to the ra- 
dius A 6, in fuch a manner that they fliall be contained betwixt the radius 
A 6 and the line A B, upon the perpendiculars let fall from the points 
5, 4, 3, 1, 2. And, thirdly, by defcribing arches throii]gh the points in the 
line A C, to pafs through the points of the fame number upon the radius 
A 6, whofe centers are in the line AF; the arches to be produced to in-* 
teffedl the line A B in the points 5, 4, 3, i, 2, will interfeA all the radii ; 
the perpendiculars let fall from the interfe(aions of the radii with the arch 
correfponding to each diagonal, will divide that diagonal into the points 
through which the curves of the frames muft pafs. 

The diagonals for forming the framea^in the fore body are divided into 
the points through which the curves 'muft pafs by the fame operations, 
only obferving that frame 4 is the ballance frame for the fore body, 

C HA P. V. 

Of the Projections on the horizontal pJanes^ and of the Water 
and Ribband Lines on the Plane of Elevation^ and that of 
the ProjeBion. 

WATER Lines are defcribed upon a (hip's bottom by the fur- 
face of the wat«: into which fhd fwims 5 that which determines 
how much is under water when ftie is loaded is called the load* water line. 
Now it is plain, that if a fliip is lightened, fhe will rife higher out of the 
v^ater ; and if (he be lightened fq as to rife equally afore and abaft, the 
furface of the water will then form another water-line parallel to the load* 
watcr-linev Again, if the (hip is lightened more, (he will ftill rife higher • 
and if the fame difference ftill continues betwixt the draught of water abaft 
and afore, we (ball have another water line parallel to the two former ; 

F ifl 
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to that by this means we may dcfcribc as many water lines as \¥e jdeafe^ 

all parallel to one another. 

In order to form an idea how thefe lines are repfcfented oo the difFcrent 
.planes, let us fuppofc a Chip upon the flocks upon a Icv.el ground, and her 
keel in the fame pofition, with rcfpedt to the horizon, tlut it is to be ia 
the water when loaded ; we may then dcfcribc feveral black lines upon the 
lliip's bottom, which may be whitened for tliat purpofe, ail parallel to the 
horizon : Thefe will all be water lines. 

Now, if a fpeflator be removed at any confiderahle dlftancc from tli« 
Hup upon a line in the fame diredion. with the keel, all thefe black UncS| 
which were drawn npon the fhip's bottom, parallel to the horizon, and 
which are actually curves, will appear to him Srll Arait iir^s, becaufe be 
fees them all upon a plane formed by a fcdion pafiing through the mid* 
fiiip frame perpendicular to tlie keel. • lience tfie water lines wiU be re- 
prefenled by flrait lines \tpon the plane, of, thq projeftioo, * 

AgaiQ> if a fpedator is removed at any coufiderabie diflance from tbq 
Iliip upon a line perpendicular to the keel, fo as to fee the whole length of 
the fliip at one view, the water lines will then appear to him ftrait lines, 
becaufe he fees them upon a plane ereSed perpendicular to the horizon 
upon the rniddle li;ie of the keel. Hence the water lines will be repre* 
fcnted by Arait lines upon the plane of elevation^ 

' But if the fpedtator be fuppoied to be placed underneath the middle of 
the fhip, at any confiderahle depth, in a line perpendicular to the level 
ground, he will then, viewing the fhip's bottom upwards, difccgrer the 
curvings of all the water lines. Thefe corves are all proje<aed upon a 
plane, which we muft imagine to be formed by a fed:ion of the (hip 
through the load- water line^ and we arc. now to flie.w. bow theie are 
formed, 

. To form the Water Lines upon the Horizontal Plane. 

Let the water lines to. be formed b? reprefented. in the plane of the 
prqjedibn by ftrait lines, all parallel* to.onc another. Thefe will be re- 
prefented by the ftrait lines in the plane bPelevation. Suppofe yr, j/, 
h AT, and T V, all parallel to one another, and the fame diftance from the 
Ibad-walep line T V that the lines which reprefent them in the phne of 
the projection are froin it. In 'order to form thefe upon the horizontal 
plane, 

I ft, Take half the thicknefs of the poft from the plane of the projec- 
tion, and lay it off on the horizontal plane from A to E, and through the 

point 
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point E draw the line E 5 paraltel to A B, five or fix feet long ; lay oiF 
the fame diftance from B to F, and thro' the point F draw a line F R pa-* 
rallel to A B, five or fix feet long. 

2d, From the points where the water lines interfcft the ftcrn poft upon 
the plane of elevation. Jet fell perpendiculars. In like manner, let fall 
perpendiculars from the points where the water lines interfcdl the Acm. 

3d. Take upon the water lines, in the plane of the proje^ion, the fe- 
veral diftances intercepted betwixt the middle line and the curve of the 
midfhip frame, and lay them off from the line A B in the horizontal plane, 
tipon the perpendicular that reprefents the midftiip frame. Take alfo 
from the plane of proje^ion the feveral diftances intercepted bctvvixt the 
middle line and the carvings bf the other frames, and lay them off in the 
horizontal plane from- the line AS, upon the perpendiculars correfpond- 
ing to their refpedive frames, both in the fore body and after body, and 
curves paffing through all thefc points will give the true form of all the 
Water lines; they end forward at the points where the perpendiculars 
inter fed: the line F R* The water lines abaft which end upon the poft in 
the plane of elevation, will end where the perpendiculars interfed the 
line E s upon the horizontal plarie. But the 3d and 4th water lines can- 
not end upon the poft, by reafon of the fafliion pieces ; and in order to 
find the points where thefe fliall end, we muft proceed in the following 

manner. 

To find the point where th* bad-water line ends, let fall a perpendi- 
cular from the point >J, where it intcrfed:s the 'fafliion piece on the plane 
of elevation, to rsf. Take from the plane of the prc^eftion upon the line 
that reprefents the load -water line, the diftance betwixt the fafliion piece 
and the mid- line -, lay this off upon the horizontal plane from the line A B 
to the point N, which will end the load-watcf line upon the horizontal 
plane, firom whence it may be drawn to^; fo ^N will be the flat of 
the Tuck j aind to find the point ^, draw a line parallel to k N thro* the 
point where the line T V cuts the rabbit of the poft, which will give 
the point g. We. may, after the fame manner, find the ends of the other 
water lines that do not go to the ftern poft for a fquare tuck. 

To form the Ribbands upon the Horizontal Plane. 

We obferved before, that the ribbands where thin planks nailed to all 
the ftames from the poft to the ftem ; and that when they are carried 
rotmd, fo as to make fair curves, the form of all the filling timbers may 
be by thtm .determined. Thefe filling timbers are to be placed betwitt 
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the frames, which were methodically hid down in the draught. We (hall 
here further obfervc^ that thefe ribbands will round two ways, one in a 
vertical, and one in an horizontal fenfe, occafioned by the nature of the foro^ 
of the fhip's body ; for they will, in carrying them about, naturally fly 
higher abaft and before than they are in midfliips, which gives them a 
vertical curvc^ and the narrowing of the (hip's breadth from the midfliips 
both ways, gives them the horizontal curve ; thence they will be rcpre- 
fented by different lines on all the planes. 

They are rcprefented upon the plane of the projeftion by ftreight lines^ 
all but the breadih ribband, which is ufually reprefented by a curve ^ but 
upon the plane of elevation, and that of the horizon, they will be repre- 
fented by curves. The reafon of thefe different appearances arifes from 
the different fituations in which they are fuppofed to be viewed, as vfa$ 
obfcrved in refpe<5t of the water lines. 

Now, in order to comprehend the relation betwixt thefe horizontal 
curves, and the lines that reprefent them upon the plane of the projeftioo, 
it will be fufBcient to remark, that thefe harizontal curves refult from th^ 
different lengths of the perpendiculars that are fuppofed to be drawn in 
the. plane of the projedion, from the points where the lines that reprefent 
the ribbands interfedl the frames, to the middle line. Hence, if the 
lengths of thefe perpendiculars are transferred to the lines correfponding to 
each frame in the horizontal plane, we fliall have the points thro* which 
the curve that forms the ribband muft pafe. 

But if thefe ribbands arc to be reprefented upon a plane placed in aa 
oblique pofition to the horizon, that is to fay, a plane that has the fame 
inclination to another plane eredled perpendicularly upon the middle line 
of the keel, that th# line that reprefents that ribband, has to the middle 
line in the plane of the projefiion 5 in that cafe, they will hdve a quite " 
different form from what they have upon the plane of the horizon. 

Now, to conceive the relation betwixt thefe and the lines that reprefent 
them upon the plane of the projeftion, it will be fufficient to remark, that 
if the feveral diftances taken upon each diagonal intercepted betwixt the 
middle line and the points where thefe diagonals interfedt the curve's qf 
the timbers in the plane of the proje6tion ; I fay, if thefe be transferred 
to the lines that reprefent thofe timbers, we ihall have the points thro* 
which the curves that form the ribbands muft pafs. 

Again, if thefe ribbands are to be reprefented upon the plane of eleva- 
tion, they will have a different form from any :of the former ; to find 
which, we need only take the perpendicular diftances from the points 
vhere the diagonals interfe£t the curves of the timbers ia the plane 
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of the projcftion tp the line that reprcfents the upper -fide of the keel, 
und transfer them to the plane of elevation, fetting them up from the up- 
per fide of the keel upon the line correfponding to the timber, from 
which they were, taken upon the plane of the projection. This will give 
los the points thro' which their curves muft pafs. 

Havmg thus given a general dcfcription of thefe curves, we fhall now 
proceed to defcribe them upon the different planes. 

To defcribe the Floor Ribband upon the Plane of Elevation. 

I ft. Take the perpendicular diftance betwixt the point ^, where the 
diagonal interfefts frame 9, and the lower water line in the plane of the 
projeQion. 

2d. Set up this diftance ftom the point S, where the lower water line 
intcrfedls frame 9 in the plane of elevation, and we fhall have a point G, 
thro' which the curve muft pafs. 

Now, it is plainj that we may, by repeating the fame operations, have 
a point in ea^h frame, -thro* which the curve of the ribband muft paft 
upon the plane of elevation. After the fame manner are all the other 
ribbands formed. 

31? defcribe the Ribbands upon the Horizontal Plane. 

The breadth ribband is formed by transferring the lengths of all the 
perpendiciiars that are fuppofed to be drawn from the points where the 
curve that reprefents this ribband interfefts the timbers, to the middle line 
in the plane of the projection : This curve, in the plane of the proje<flion, 
is drawn j^om the breadth in midftiips to the extremity of the wing 
tranfom. 

I ft. Lay off the length of the wing tranfom upon the perpendicular N L; 

2d. Take the length of the perpendicular drawn, from the point 
where the curve that reprefents the breadth interfedls firame 9, to the 
mid-line in the plane of the projection 5 lay off* this from the line A B 
upon the perpendicular reprefenting frame 9 in the horizontal plane^ to 
the point S, which will be one of the points thro* which the curve of the 
ribband muft pafs. , We may proceed in the fame manner to find pointy 
upon all the perpendiculars, both^ afore and abaft, fo ftjall the curve 
L, S, Q, I, be the form of the breadth ribband. But to compleat this 
ribband, the round aft of the wing tranfom muft befet off. 



3i 



Digitized by 



Google 



38 Of the Formation of Water Lines andRMands. Chap. V. 

To form the Oblique or Cant Ribbands. 

We obferved before, that thcfe ribbands could not be formed either 
upon the horizontal plane or that of elevation, upon Which account they 
were feldom drawn, becaufe each muft be drawn upon a feparate plane. 
However, thofe who incline to draw them may ufc the following method : 

Let it then be required to form the firft ribband rcprcfcntcd in thei 
plane of the projcdion, by the diagonal H G. 

ift. Produce line H G to the point/ in the middle line upon the 
plane of the projcdion. 

2d. Take the height of the pointy above the line that rcprefents the 
upper fide of the keel in midfliips, in the plane of the projeftion ; fct up 
this from the fame line in the plane of elevation, on a perpendicular, upon 
the poil, from which point let fall a perpendicular to the point F in the 
line C D, and produce all the perpendiculars that reprefent the frames to 
the line CDj fo F Q^will be tlie axis of the ribband from the poft to 
the midfliips. ^ 

3d. Take upon the plane of the projedion, in the line H/, the diftancc 
p G, which fet off upon the perpendicular from the point F iof 

4th. Take the diftance on the diagonal from the point p in the middle 
line to its ineerfedion with the frame 9. Set off this from the line C D 
upon the perpendicular correfponding to frame 9 5 this will give us a 
point thro' which the curve muft pafs. Do the fame for all the other 
frames to the midfhip. 

In like manner the curve for the fore part of the ribband is formed 
from the interfedtions of the diagonal 4, 5, with the curves of the frames 
in the plane of the proje6Hon ; but it is evident, this is a different plane 
from that of the line Hp; therefore we muft have a difterent axis for 
the curve of the fore part of the ribband. In order to which, take from 
the plane of the projedtion the diagonal 4, 5 -, fet off this from the point 
O to Z, and draw the line Z X parallel to C D. We muft likevvifc 
take the height of the point 4 in the plane of the projedlion, and fet it up 
o n the ftem ; from which point letting fall a perpendicular to the line Z X, 
we ftiall limit the fore end of the ribband. The points thro' which the 
curve muft pafs vrill be found the fame manner as thofe for the 
after-body. 
• The builders make ufe of the cant ribbands to find the bevellings of 
the timbers j for we muft reprefent each frame as one intire piece of cir- 
cular timber, and being all faftened to the keel they form the fide of the 
iliip. They are fquare upon the upper fide of the keel ; but becaufe 

both 
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both the Qotfide and infide of the ibip*s fides, length- ways, form curves, 
it is plain, that the feftions of any of tne frames, the mid(hip only except- 
ed, will produce a furface in the form of a lozenge or rhombus ; the an- 
gles which are formed by thefe fcdions are what are called the bevellings 
ofthe timbers. 

The (hip- Wrights take thefe angles mechanically by an inftrument cal- 
led a bevef ; thusthey draw, upon the plane of the ribband, a line parallel 
to that which reprefcnts the frame, and diftant from it the whqle breadth 
of the timber ; and applying the ftock of the bevel to the line that re* 
prefents the frame, and the tongue to the ribband, tbey have the quantity 
of the. angle which ^orms the bevelling of the timer at that place. 

It is plain the angle ^, ^, r, which points to the midfhip frame, will b^ 
obtufe, whereas the angle ^, a, d^ which points to the poft, will be acute. 

Now, as every timber has two planes, that which points to the mid- 
flilps will have what they call a ftanding bevelling, and that which points 
either to the poft or ftem will be under bevelling, . 

We (hall (hew in another place how the modern builders, by putting 
the frames in an oblique pofition to the keel afore and abaft, leflcn the 
bevellings. 

c H A P. vr. 

Another Methd of laying down the Horizontal TlarUy and 
the Plane of ProjeEiion. 

THOSE who are well verfed in the art of drawing have taken si 
method quite different from any of thofe we havp defcribed, which 
Ihall be the fubjedl of this chapter. 

After forming the plane of elevation, and drawing all the perpendiculars 
for the frames, a« before, the following method muft be <^bfcrved : 

I. 

^0 Jay down the Breadth Ribband on the Horizontal Plane. 

The extremities of it on the ftem and poft, and the point thro' which 

it is to pafs on the midfliip frame are found as dircdled in the preceeding 

chapter. It reoiains now to find the points in the balance frames, thro* 

which it is to pafs, - 

To find the point in the fore balance frame take I-S4 parts of half the 

main 
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main breadth^ which fet off on the line that reprefents that frame in the 
horizontal plane from K to L. 

To find the point in the balance frame abaft^ take \-A parts of the half 
of the main breadth from M to N. It will be neceffary to have another 
point in the fore body, thro' which the curve muft pafs ; for which pur- 
pofe ufe the following method : 

Divide the fpace contained betwixt the line that reprefents the balance 
frame afore and the rabbit of the ftcm, into two equal partSj and draw the 
line op^ on which fet off the i6oth part of the main breadth, which 
will give the point p^ thro' which the curve is to pafs. It muft be ob- 
fervcd, that the proportions for finding thefe points may be varied accord- 
ing to the form we propofe to give to the ribband. After the points 
H, N, Q, L, /, s are thus fet off, we may defcribe the curve either by 
moulds or penning battens. 

11. 

To lay down the Floor Ribband on the Horizontal Plane. 

I ft. The height of this ribband muft be determined both upon the 
poft and ftem, from which points letting fall perpendiculars, we (hall have 
the extremities of it on the horizontal plane, obferving to allow for 
the rabbit. 

2d. Take half the length pf thp midftiip floor timber, and fet off on 
the line that reprefents the midftiip frame on the horizontal plane from a 
to J, which will be the point thro' which the curve muft pafs. 

3d. Take 444 of the line a j, the breadth at the midfliip frame, and fet 
it off on the balance timber afore, from K to T, and fet off 444 of the 
fame line, upon the balance timber abaft to V, and draw the curve thro* 
the points G, V, S, T, R. 

III. 

To lay down the after Balance Timber upon the Plane of Pryedlion. 

I ft. Produce the line which reprefents it on the horizontal plane to 
the fheer rail, on the plane of elevation, and take the diftance upon this 
line betwixt the upper fide of the keel, and the lower edge of the fecond 
wale, which here reprefents the breadth ribband ; fet up this from A to C 
on the plane of the projedion, from which point draw the line C D, 
perpendicular to the middle line. (Plate II. Fig. i, 2, 3.) 

2d, Take the line M N in the hori^sontal plane, and fet off from D 
to E, which will give one point, through which the curve of the timber 
muft pafs. 

3d. Take 
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jd^ Take the height of the floor ribband, in the pkne of elevation^ and 
fet it up on the plane of the projedlion to G ;. from the point H, at the 
end of the floor timber, draw the line H G, which will reprefcnt the floor 
ribband on the plane of the projedlion. {Plate IL Fig. i. 2. 3.) 

4th, Take the diftance M V, in the horizontal plane,, with a pair of 
compafles, and move the compafTcs with one foot, in the middle line^ 
and the other, in a line perpendicular to it^ till it interfcd the diagonal in 
the point L, thro' which the curv^ of the frame muft pafs* To thofc 
who are acquainted with drawing, the three points £, L, F, will be fuf* 
ficient to form the timber -, they who incline to have another point may 
divide the line A C into two equal parts by a perpendicular M K, drawn to 
the middle line, from which fetting off^ 444^ of the line M K^ we fliall have 
another point thro* which the <:urve muft pafs. 

IV. . . 

To lay down the ninth Frame abaft on the Plane of the ProjeSlton, 

Take the height of the breadth ribband at this frame, in the plane of 
elevation, and fet it up on the plane of the projedion from F to O, and 
draw the line O P perpendicular to the middle line. [Plate II. Fig. i. 2. 3.) 

2d, Take the diftance X S in the horizontal plane, and fet off from O 
to P» which will be the point thro' which the curve muft pafs. 

3d, Take the diftance X Z in the horizontal plane, which fet off from 
the middle line, to interfedt the diagonal that reprefents the floor ribband, 
in the plane of projedtion in Q^ obferving to keep the compafles as beforo 
diredted. 

4th, Divide the line K O in two equal parts, ^nd draw the line R S 
perpendicular to the middle line, ou which fet off 444 of the line P O^^ 
from R to S, and draw the curve thro' the points P, S, Q, F, which will 
be the form of the ninth frame. 

V. 
Ho lay down the intermediate Ribbands flbajt on the Plane oftheProjeSiion. 

I ft. Take the diftance betwixt the upper fide of the keel and the 
breadth, upon the line that reprefents, the midfhip frame, in the plane of 
elevation, and fet it up from A to T, and fi-om B to T, in the plane of 
the projedion, fo fliall the line T T give the height of the breadth ribband 
in mid(hip$. 

2d, Divide the curve H M T into as many equal parts as there are to 
be intermediate Ribbands ; divide alfo the curve of the ninth frame QJS P 
into the fame number, and, thro' thefe diviflons, drav/ the diagonals 
which will reprefent the ribbands as in the plate. 
• . G VI. TV 
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VI. 

7J? hy itmn tbefirjl intermediate Ribband up$n the Horizontal Plane. • 
ift» Take the neareft diftance of the point V (which is the extremity 
of the diagonal in the plane of the projection) to the middle line O F, 
fet off this on the line which reprelents the midfhip frame in the hori- 
asontal plane^ which will give the point thro' which the curve muft pafs 
^t that place. After the fame manner we may find the points in the lines 
tloat reprefent the balance and ninth frames in the horizontal plane. 

2d, Take F Z, the height of the ribband upon the rabbit of the poft, 
in the plane of the proje(Stion» and fet it up on a perpendicular, to the 
point ky on the line that reprefents the rabbit of the pofl in the plane of 
ekvation > take the neareft diilance of the point k to the perpendicular 
of the poft, which fet pfF from F to e^ and this will be the end of the 
ribband : So a curve paffing thro' the points e^ d^ r, b^ will be the form 
of the ribband* 

VII. 
7q lay down the JFing Tranfom upon the Plane of the Projedlion^ and en 

the Horizontal Plane. 

I ft, Take the height of the upper fide of the wing tranfom (including 
the round up) in the plane of elevation^ and fet it up in the plane of the 
projection to the point e. 

2d, Take the height in the plane of elevation, without regarding the 
round up, and fet off from F to/, and draw the Yintjg perpendicular 
to the middle line,, on which fet off the length of the tranfom from f 
to gy this is equal to the line G H in the horizontal plane. The curve 
g e reprefents the upper fide of the wing tranfom. 

The round aft of the tranfom is reprefented upon the horizontal plane 
by the curve h k e^ H L is the fquare end of it. 

VIIL 
To lay down all the Frames in the after Body. 

All thefe are laid down in the fame manner as the ninth and balance 
frames before defcribed, that is, by taking the half breadth of the rib- 
bands at each frame in the horizontal plane, and fetting them off from 
the middle line in the plane of the projcdion to interfedt the diagonal cor- 
fefponding to the ribband, as diredled in forming the balance frame^ by 
this means we (hall divide each into as many points as there are frames : 
The curves drawn thro* thefe points will give the form of all the frames 
in the after body. 
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IX. 

To lay down the Pofition of the Fajhion Piece on the Horizontal Planri 

Let fell the perpendicular G H, from the end of the wing tranfom, 
and draw the line H /^ which will reprefent the plane of the fashion piece 
upon the horizontal plane, obferving to make the angle G H /» about 25 
degrees. 

X. 

To form the Fafhion Piece in the fame manner it is to bcy when put into its 

proper place in the Ship. 

The fefliion piece laid down in the plane of the projedlion, regards 
that frame as it would appear when viewed from abaft ; but as thefafliion 
pieces on each fide are not in one plane, as all the reft of the frames are, 
we (hall be much deceived, if we imagine that the falhion piece lajd 
down in the plain of projedHon, will give the true form of that which 
is to be put in the (hip. We mufl therefore lay it down upon another 
plane, and, to avoid confufion, we (hall feparate it from the plane of pro* 
jedion. 

NotCj The fajhion peiccj mentioned by our author ^ defcribed in the plane 
of the projeStion^ is that betwixt the ninth frame ^ and the curve f qo G, 
which reprejents the fajhion piece of afquare tuck ^ it is formed in the fame 
manner as the reji of the frames^ by tranf erring the lines n m, p o, ^c, in 
the horizontal plane y to the plane of projeSlion^ to interJeSt the diagonals co^ 
refponding to thefe ribbands in the points i, 1, Gf^ : 

I ft, Draw the line /G, to reprefent the middle line of the plane of 
proje<9:ion. {Fig. 4.) 

2d, Draw the Vint fg perpendicular to G yj to reprefent the wing 
tranfom. 

3d, From /, the point where the fafliion piece interfeSs the floor rib- 
band in the plane of the prcjciftion, take the ncareft diftance to the line 
fg^ which reprefents the wing tranfom, and fet oflf this diftance in Fig. 4. 
from /to hy and draw the line h I parallel to fg. ^ 

4th, From the point /, where the fa(hion pif ce intcrfefts the firft in- 
termediate diagonal, in the plane of proJ€<£lion, take the nearcft diftance to 
the liney g^ fet it off from/ to ^, in Fig. 4, and draw the line k m^ paraf- 

lelto/^. ^ V. . ^ 

5th, In like inarmcr, the points where the faftiion pece interfefts the 
'iccondatid third diagonals in the plane of proje^ftion, are to be transferred 
to the points q, and n^ Fig. 4, and the lines pq^ n 0^ drawn parallel 
to /g^ G 2 dtb, 
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' 6tb^ To fiad the points through which the curve muft pafe : Take 
tlie line /II, which reprcfcnts the pofition of the fafhion piece upon the 
feorizontai plane ;. lay this: off from f togi Again,, take the dlftance ly in 
the horizontal plane i \^hich lay off frond: q. to p^ in like nnnner lct.ofF 
the dlftance / z, from ntoQ^, and the diHance Ip from k to m^ and lalHy^ 
the diftance 1 72^ from h to l\ fo a curve drawn through the points ^,./>^ a^ 
Wy^tj will give the true form of the fafhion piece/ 

XL 
Yq lay domn the FuJJjion Piece upon the Plane of Ele'oatiort. 

ift, Take the feveral heights above the keel, of the points where the 
ikfhion piece interfe<f!ts the diagonals in, the plane of projedion, and trans- 
fer them to the lines d>, p,q^Zy y^ in the plane of elevation, drawn paral- 
lel to the keel, and the fame height above it^ that their correfponding 
points are in the plane of projcdion. 

2d, Take the neareft diftance of the point n^ in the horizontal plane, 
to the line CF, the perpendicular from the head of the poft, fet off this 
from the fame line in the plane of elevation upon the line p y which will 
be the point through which the curve muft pafs. 

3d^ In like manner the points z^ y^ muft be transferred from the 
horizontal plane, to the plane of elevation in the points z^ y^ a curve 
pafUng through thefe points will be the projeAion of the fafhion piece 
on the plane of elevation* 

We fliall hear remark, that fome builders to avoid giving a great be- 
velling to the timbers, and like wife that they may not require fuch conv- 
pa(^ timber^ do change the direction of all the frames in the fore-body 
Defore that of the loot; that is, the lines that reprefent them in the hori- 
zontal plane make an acute angle with the line that reprefents the keel 5 
thefe are called cant timbers, and may be formed in the fame manner as 
the fafhion piece, which we have now defcribed. The* feveral builders 
form all the frames perpendicular to the keel, to have the floor timbers in 
one piece, which will he much ftronger that when in two pieces, s^d 
this will inevitably be the cafe when the timbers are canted. 

We might here fhew how to lay down the top timbers, but as that part 
under water is the moft material, we fhall proceed to form the timbeca 
afore* 

XIL 
To lay down the Frames for the For embody. 

The balance and the eighth frame muft firft be foraged in the fame 
manner as the balance and ninth frame abaft : In order to which the curve 

' that 
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thixt reprefents the Breadth ribband mud be laid down in the plane of the 
projedion afore. The diagonal, which reprefents the floor ribband^ muft 
like wife be laid' down in the plaiTe of the projeftiorr, for which parpofe 
we muft take the height of the ribband above the keel^ upon the rabbit of 
the ftem, and fet it upon the line that reprefents the rabbit of the poft m 
the plane of the projedtion, to the point 4 ; from which draw a line ta 
the floor head^ fo 4 5 will reprefent the floor ribband* 

XIIL 

To Jpace the Diagonals that reprefent the Ribbands afore ^ in the Plane 

of the ProjeSiion. 

iff. As the points of their interfedtion at the mid(hlp franie are the 
fame afore that they are abaft^ we need only transfer them from abaft ta 
^e fore body. 

2d. Take the height of the breadth ribband upon the ftem^ in the 
plane of elevation, and fet it up from F to 17 in the plane of projedion. 

3d. Divide thediftance betwixt 4 and 17 into four equal parts^ which 
will give the points in the plane of projedlion^ where the immediate dia* 
^onals end on the ftem. 

After the diagonals are drawn in the plane of the prcjedion, the rib- 
bands may be laid down in the horizontal plane, and from thence all the 
other frames may be laid down in the plane of projection, in the very 
dime manner that the horizontal ribbands and the frames for the after-^ 
body were laid d6wn» 
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CHAP. VII. 

General Remarks on Ship Building. 

\ L L the rules we have hitherto laid down, colle<5ted from the prin- 
jfj^ cipal dimcnfions of (hips biiilt by the moft emment mafters, (houkl 
only be fo far regarded as they may aflift the artift in forming the body 
in fuch a manner as to produce efFcds anfwerable to the fcrvice for which 
the veflel is defigned. 

In order to qualify, a builder for fuch an undertaking,' it is neceflary he 
fhould underftand the nature of fluids, and of fuch bodies as will float in 
the water ; when he has made himfelf acquainted with thefe, I would 
recommend him to M. Bouguer's treatife on (hip-building. 

7'be principal ^alities belonging to Ships. ^ 

ift. To be able to carry a good fail, not only becaufe, in forming the 
body, the water lines arc all fuppoied to be defcribed when a (hip is up* 
right in the water, but likewiie for doubling a cape, or getting off a 
}ee (bore, which will be impoflible to be done when a (hip lies over in 
the water, this will like wife render her lower tier, if not all her guns, 
iilelefk. 

2d. A (hip (hould fl:eer well, and feel the leaft motion of the helm.' 

3d. A (hip (hould carry her lower tier of guns four feet and a half, or 
five feet out of the water, otherwile a great (hip, that cannot open her 
ports upon a wind, but in fmoqth water, may be taken by a fmall one, 
that can make ufe of her guns, or (he muft bare away before the wind, 
to have the ufe of her guns ^ on which account it will be proper to raife 
the ports higher before than in.midOiips, becaufe the fore part of the, 
fliip is often pre(red into the water by carrying fail. 

4th. A (hip (hould be duly poifed, fo as not to dive or pitch hard, but 
^o fmooth and eafy through the water, rifing to the fea when it runs high^^ 
and the (hip under her courfes, or lying to under a mainfail, otherwile 
ihe- will be in danger of carrying away her mafts. 

* 5th. A (hip ihould fail well before the wind, large, but chiefly clofe 
hawled, keep a good wind, not fall oflF to the leeward. 

Now the great difficulty confifts in uniting fo many different qualities 
in one (hip, which feems indeed to be impoffible ; the whole art therefore 
confifts in forming the body in fuch a manner, that none of thefe qualities 
flj^ll be entirely de£lroyed,and in giving the preference to that which is moft 
required in the particular fcrvice for which the veiTel is built ; in order to 

which 
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which) it will be neccffiry to know, at Icaft nearly, what form will give a 
vcflcl oncof thefe qualities, confidered abftracftly Irom the reft. 

7i make a Ship carry a good S^tl. 

A flat floor timber, and fomewhat long, or the lower futtock pretty 
round, a ftrcight upper futiock, the top timber to throw the breadth out 
aloft ; at any rate to carry her main breadth as high as the lower deck : 
Now, if the rigging be well adapted to fuch a body, and the upper works 
lightened as much as poflible, io that they all concur to lower the center 
cf gravity, there will be no room to doubt of her carrying a good faiL 

To make a Ship fleer nvell^ and quickly anjhver the Helm. 

If the fafhion pieces be well formed, and the tuck carried pretty high ; 
the midftiip frame carried pretty forward j a confiderable difference of the 
draught of water abaft more than afore ; a great rake forward, and none 
abaft \ a fnug quarter-deck and forecaftle, all thefe Will make a (hip fteer 
well I but to make her feel the leaft motion of her helm, it will be ne* 
cellary to regard her mafts. There is one thing not to be forgot^ that a 
fliip which goes well will certainly fteer well. 

Jo make a Ship carry her Guns tvell out of the Water. 

It is plain, that a long floor timber, and not of a great rifing ; a very 
. fiill midftiip frame, and low tuck with light upper works, will make a 
ftiip carry her guns high. 

To make a Ship gofmootbly through the Water without pitching hard. 

A long keel, a long floor, not to rife too high afore and abaft, the area 
or fpacc contained in the fore body, duly proportioned to that of the after 
body, according to the refpedtive weights they are to carry j all thefe are 
neceftary to make a ftiip go fmoothjy through the water. 

To make a Ship keep a good Wind. 

A good length by the keel, not too broad, but pretty deep in the hold, 
which will occafion her to have a fliort floor timber, and great rifing. 

As fueh a (hip will meet with great refiftance in the water, going over 
the broad- fide, and little when going a-head, ftie will not [fall much to 
the leeward. 

Now, fome builders imagine that it is not poflible to make a fliip carry 
her guns well, carry a good fail, and to be a prime failer, becaufe it 

would 
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woBld reqntrc a vepy full bottom to gain the firft two qualities, whereas a 
fharp flhip will beft anfwer for the latter -, but when it is confidered that 
a full fhip will carry a gre^ deal more fail than a jQiarp one,, a good artift 
may fo form the body as to have all thefe three good qualities, and likewifc 
fleer well, for which purpofe I would recommend fomewhat in tength 
more than has been formerly pradlifed. • 

After what has been faid upon this head, I believe it will not bethought 
impoffible to unite all thefe different qualities in one (hip, fo that all of 
them may be difcerned in fome degree of eminence ; but when it happens 
otherwife, the fault muft be owing to the builder, who has not applied 
bimfeff to fludy the fundamental rules and principles of his art. 

Excepting fome antient builders, who were happily born with a natural 
genius, and our pioderns, who being inftrufted in the principles of the 
mathematics, have truly laboured very hard to make a progrefs in the^ri; ' 
of Shipbuilding, one may, without violatihg the truth, affirm that the 
greateft part fatisfy themfelves with copying fuch ftiips as they efteem 
good failers, and it is thefe fervile mechanick methods, which, to the great 
reproach of the art, are but too common, that have produced all thefe 
pretended rules of proportion, all thefe methods of defcribing the mid- 
fhip frame, and forming the reft of the timbers, which every builder en- 
deavours if poflible to conceal, and keep wholly in his own family. 

How low and mean is this ? it is as if a great architefi (hould endeavour 
to conceal the proportions of the different orders of architefture ; whereas 
they are publifhed every where, and fo well known that many can raife a 
very beautiful porch or triumphal arch ; but tho' the methods of defcribing 
the midfliip frame, and forming the reft of the timbers, be known to 
moft apprentices, yet we have but few good mafter builders : This re- 
quires more than thofe mechanick rules ; they ftiould at leaft have fuch a 
knowledge of the mathematicks, phyficks, mechanicks, of the nature of 
folids and fluids, as to be able to difcover what figure would procure fome 
good quality, without hazarding or putting a bad one in its place. 

Let us fuppofe one to have a colledlion of draughts of a vaft number 
of fhips, and whofe good and bad qualities have been remarked with all 
pofTible exadnefs, fuch a valuable treafure would be of great fcrvice to a 
perfon who could calculate precifely by the draughts where the fault lay, 
and how it might be redified. For inftance, fuppofe ft (hip fails well, 
but carries her guns too low, a builder who is not acquainted with thefb 
principles would raife her deck, in confequence of which (he would not 
fail well; whereas, one that could exaSly calculate how much the re- 
liftance of the fluid is diminifhed upon the prow^ would tak^ great car^ 

to 
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• to add no more to any of the other parts than he could find by an txstOt 
cakulation might be done without augmenting the refiftance in the 
fluids. 

M- Bouguer has publiflicd fevcral ufeful problems for making thefe 
calculations, to which we refer the reader, and only explain what regards 
the height of the gun deck, and the refiftancc of the fluid, in one ex-» 
ample of a 70 gun £hip* 

CHAR VIIL 

Tt? know by the Draught bow high a Ship will carry her Gum out of 

the PTater. 

THIS is only to know if, when a (hip is loaded with all her ammuni- 
tions and provifions on board, and ready to fail» her feat in the water 
will then agree exadly with the load water line in the< draught. 

It may be demonftrated by feveral experiments^ that any floating body 
of whatfoever figure wilt juft fink fo iarmthe water as to difplace a 
bulk of water of equal weight with itfelf. 

Hence it will be neccfl&ry, firft to find a method of calculating the ex- 
a£t weight of a (hip ready equipt for fea, and fecondly, to know theexafk 
weight of the water the (hip diiplaces, when loaded to the water line \vk 
the draught. 

In order to the firft, the exad: weight of all the timber, iron, Iead» 
mafts,. fails, rigging, and in (hort of all the materials, men, provifions^ 
and every thing elfe on board the (hip muft be known. 

I^ muft be confefiTed that this is a very laborious taik, yet the zeal of 
our modern builders has furmounted all thefe difficulties, and got the 
exad: weight of a ihip of eachclafs, with all its furniture, and fix months 
provifions on board. It will be fuflicient for our purpofe tp give the par- 
ticulars, of the two following, one of 30 and another of 50 guns, both 
ready equipt for fea, with iix months provifions on board. 
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(so) 

'Jm^tmuaeof the m^^Bt of the RENOMEE Frigste ^f fhitff 
Gtms^ with Six Months Pravijomi. 

Weight of the Huiir, 



Oak timb- J under w. at 72 B. pfer L 
bcF \ above w. at 66 lb. 

Carved work 

IroQ knocs and fiasdards 

]Bolt»9 rudder irons, chdn plates, nails 

Lead for the haufe boles & fcuppers 

Locks "^ v ' ■ 

Oakum ■' — 

Pitch and Tar ^ 

Paint — — — 

la tlie Cookfoom .^.*_^ 



Total 



Cubic 


Under 


Above 


To<aI 


leec 


water 


water 






Pounds 


Pounds. , 


TOIM. POQ«Ai 


5640 


406080 


V 1 


' 299 8^60 


2920 




192720 \ 


600 

S^9 


39OQO 


2.8000} *? «°* 






2 200 


I ,200 




4^oo 


7010 


5 «*»o 




1 1 650 


6558 


9 20S 




25^ 


-430 


68(> 






170 


170 




1200 


1830 


I 103a 






650 


65a 


♦ 




440 


440 




^ 


8OOQ 


4 000 


' 


4533^^ 


248008 


350 ijSS 



I 



WEwaT of the Furwture. 



Hafts camlet fet and i]patc 

Blocks 

Pumps 



Cables 9a& Hawiers 
Sails and thei;^ C^e» 
iVochoraand their Stocks 
C^rdi^ge foi the rigging 
The mailer's Stprcjk 
Boats —^ 



ItedtrW. 


AboTW 


TotaL 


P*und»> 


PoVDlif. 


Tom 


P«U 


:'300O 


* 370od 


^0 


. OCT 


1000. 


5444 


. 2 


444 


>734 


670 


I 


404 


^4444 




I« 


444. 


4222 


?778 


4 


QOO 


; .4^1 1 


^44 


4 


^5€S- 


•:./. .A 


1728a 


8 


1282 


^3333 


6666 


1 
1. 


'III 


f '40344 ] 


75784 J 


15? 


■;28 



Total 

Wbicht of the PfiosriszoNS> Ice. 

Above 



Provifioro for 6 months for 200 7 
men with all their equipage 3 
Water for two months and a half 

Cafks 

The Captain's toble 



Under 
water* 

Pounds. 

245420 

I 00000 
32800 
15000 



water 

PouBdf, 



.iooo^ 



Total 393220 I 5000 



Total 

Tent Poandt 

122 1420 

50 000 
16 800 

10 000 



199 Z20 
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(so 

WnGtt* of th6 Officers Storis. 



Tbe Carpenter's Stores 
The Caulker's Stores • 
The Surgeon's Effi:^ 
The Pilot's EffeAs 
THc Chapfein's EfFeAa 



Under 


Above 


Totat 


water 
Founds. 


water 

pounds. 


Ton» ' Pds 


3000 
lOOO 


1 000 


z 00 
iboo 


2400 

74a 


\s6o 
Ida 


I 400 

JJOO 

ioo 


7140 


1460 


[ 4, 60a 



Weight of the Guns and Ammuni tick. 



IroaGuns ^ — 

Carriages Bttod 

S^IU round and crols bar 
Balls of one pound 



Under 

water 
Pounds. 



1 1 570 
60Q. 

7u>8 
1368 



Powder aoid Poi'^<lcf Barrel* 

Implemeiitji far the powder 

Crows. Handlpikes, Gunrters Utea- 1 -^oo 

fits, and Stores i * 

MuTquets, Cuclafles» and Pole A<es 



Above 
water 

Pounds. 
60300 
14000 
2430 

-Hi 
13* 

1500 
900 



Txrtal 



43846! 79374 



Tom 


Fte 


30 


300 


7 


00 


7 


00 





«(Ja 


» 


laao 





1500 



700 



gi * i%z^ 



Weight of the Men and their Equipage* 



8 principal Officers and their EffcAft 
2op Men an^ their Effefbs 



Under 
water 

Pbttuds* 



Ballast 



Total 
iopooo 



Above 
water 

4O0O 
40000 



• 44000 



ToftJ 

Tw Pouttia. 
2 OO 

20 00 



22 



00 



too 



O^ 



Hi 
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(50 
RECAPITULATION. 



The Hull . 

The Furniture — - 
The ProVifipns — 

Officers Stores 

Guns and Ammunition 
Weight of the Men 
BaUaft r : 



Under 


Above 


water 


water 


Pound a. 


Pou»d«. 


453380 


248008 


40344 


1 757^4 


393220 1 


5000 


7«40 


1460 


23846 


79.374- 




44000 



200000 



Total 1 1 if 930 



Total 



Tons Poundt 
-350 ij88 



58 
199 

4 

22 
100 



128 

220 

600 

1220 

00 

00 



453626 I 785 1556 



Jtn Eflimate of the Weight (fa Frigate of Fijty Guns^ with Six Months 

Provijions. 



The Hull 

ThaFurnittire 

Balkift 



Guns a^d Ainmunition 
Provifions ^ 

Stores ' 

Men and their Equipage . 



•-v 



Total 



Under 


Above 


Total 


water 


. water 






Poundi. 


' Pounda. 


Tons 


Pountb 


^74270 


' 7.69134 


77^ 


1404 


98237 


163184 


' 130 


I42I 


300000 


* 


150 


000 


J6794OO 


- 199320 


133 


1280 


6594QO 


8060 


-333 


1400 


9800 


2800 ] 


6 


' 600 




77000 


38 


1000 


1909667 


1219448 


1564 


1 105 



But as all £hipt of the fame clafs are pretty near the fame dimenfions, 
and have the fame number of guns, &c. we may have the exa£t weight of 
each only by examining the draught of water, and computing the weight 
of that column of water which is difplaced by the Ihip. 

Now if the iff/r^/^^ weighs. 271 8 tuns, fliemuA fink fo far into the 
water till Ihe has difplaced a column of water containing 734 C9 tt cubick 
feet, for A cubick foot of fait water being fuppofed to weigh 74 lb. the 
73459 4t will weigh 5436000 lb. or 2718 tuns, or if (he difplaces 
73459 TT cubick feet of fait water, we may thence conclude that flie 
weighs 2^1% tuns. 

. In like oxanner, if the weight of ^ ihip which is to be laid down in 

the 
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the draught be known ; as, for inftancc, that if a (hip of 78 guns,, is 2350 
tons, we may with certainty know if the water line in the 9raught be pro-, 
perly placed, only by reducing the bottom into cubick feet. 

The antient builders were unacquainted with the manner of perform-* 
ing this, but our moderns make an exa£t calculation of the contents of 
the bottom before they begin to build, whereby they will he fiire to keep 
the lower tier of guns well out of the water. 

If a fliip*s body were any regular figure, the folid contents of it could 
cafily be round geometrically, but as the cafe is quite otherwife, we muft 
be fatisfied with dividing it into feveral parts, of which wc may have a 
great number, and they will thereby become fo fmall, that they may, 
without any fenfible error, be eftcemed as regular figures, limited by ftreight 
lines, tho' fome of them are adtually curves. 

In the draught of the 70 gun ihip which we have laid down, the bottom 
is divided on the plain of elevation into feveral parts, in a vertical way, 
by the lines that reprefent the frames ; and in an horizontal way by the 
water lines 5 fo that the whole may be faid to be divided into fo many 
parallelopipedons. A, B, C, D, or a^byC.d^ contained betwixt the tWQ 
fi-ames 6 and 7, and limited on the fide A B by a plain fuppofcd to be 
creded vertically upon the keel, and on the other fide by the roqnd of 
the outfide of the (hip, at the height of the breadth water line, or ac. Now 
it is very plain that the area of the furface, which limits the lower part 
of this folid, is lefs than the area of the furface, which limits the upper 
part : But if we increafe the water lines and frames, we may find the folid 
contents to a fufficient exa£tnefs for our purpofe. 

Now, in order to find the area of the upper furface A B C D, let A C 
be 16 feet 1 1 inches, and BD 13 feet 6 inches 5 add thcfe two, the fum 
is 30 feet 5 inches, the half of which is 15 feet 2 inches and a half, and 
this fum multiplied by A B, which fuppofe 8 feet, the dillance betwixt 
the frames, the produdl is 121 feet 8 inches, the area of the upper furfaco 
of the parallelopipedon. 

rthe area of the lower furface of the parallelopipedon may be found 
after the fame manner, wlych fuppofe 97 feet 4 inches. Now, if thefe 
two areas be added together, their fum will be 219 feet, the half of which 
is 109 feet 6 inches for the mean area, and this multiplied by ^ ^, the 
difl:ance betwixt the ^^ter lines, which fuppofe 4 feet 4 inches, produces 
4^4 feet 6 inches cubick. 

By the fame procefe we may find the folid contents of the other parallo- 
pipeds, and adding them together, and doubling that fum, we fhall have 

. - the 
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the folid content of the \yhole bottom of the *ihip in cubkk feet to a 
fufficient degree of exactnefs^ 

1 made ufe of this method before M» Bouguer'% treatife was publiibcdi^ 
where there is one which is more convenient and expeditious, for, in** 
fiead of finding the area of every iingle furface contained betwixt tha 
frames upon the fedtion of a water line, he (finds by one operation the 
area of the whole furface formed by the horizontal fedion or water line, 
except that part intercepted betwixt the aftermoft frame and the poft, 
and the part contained betwixt the foremofl frame and the flem» which, 
upon account of the rake mufl be meafured feperately, as alfo all that lies 
betwixt the upperfide of the keel and the firft water Une. His method is 
as follows : 

Take the lengths of all the lines that reprefent the frames on the hori- 
zontal plane, add all thefe together, excepting the foremoft and aftermofV, 
of which take only one half of each, fo if it were requirei^. to find the 
area of the furface formed by a horizontal fedlion in the plane of the load 
water line, it will be t. ZZ+BD+AC+IH+LK, &c. +KSxAB, 
fuppofing AB to be the diflance betwixt the frames e<][ually fpaced betwixt 
ZZ and NO, 

To demonflrrate this, let it be confidercd by what operation the two 
trapezia ABDCand HI AC are meafured. We ohferve in the proceeding; 
article that this was performed by adding the length of the lines BD and 
AC together, and then taking half that fum ; the length of the lines AC 
and H I, muft like wife be added together, and the half of that fum taken ^ 
now it is evident that it will be the fame thing to take half the line BD» 
and half the line H I, and the whole line AC, and add all thefe three to- 
gether, becaufe the line AC, is common to both the trapezia. 

After the areas of all the water lines are thus found, the folid content 
of the fpace contained betwixt the water lines may behad by multiplying 
the are;, by the diflance between the water lines : But, becaufe the areas 
of the two furfaccs which limits this part are unequal, a mean area mufl 
be found ; this is half the fum of the two areas, (b that all that is now ta 
be done, is to add the areas of the water lines into one fum, excepting 
that of the upermoft and lowermoft, of which* only one half of each muft 
be taken, and if this fum is multiplied by the diflance betwixt the water 
jines, the produd will give half the folid content of the bottom, obferv- 
ing that the water lines in the plain of elevation be equally diibnt froni 
oiie another* " ^ ^ ' 

The application of this method in finding the cubick &et contained \vt 
« 70 gun ihip laid down in the draught. 

The 
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The forepart is divided into eighty aod the after into nine equal parts,, 
befides that betwixt the aftern>oft timber and the potln and that betwixt 
the foremoil'.tifQber and the ftem. 

The.bottQm is likewife divided into four equal parts by water lines drawA 
parallel to the load water line> all which afe formed upon the horizontal 
plane ; for it will bfe very ufeful to know the folid content of each parti- 
cular part contained betwixt the water Unes> alfo to diftinguiOi that of the 
fore body from the after body^ whereby we may be enabled to know if 
the weight be duly poifed. We ihall confider ail this in the following 
calculation. 

Notey there mujl be four inches added to each line that reprefenfs theframesi 
in the horizontal plane for the thicknefs of the flanky that being nearly at 
mean betwixt the thicknefs of the plank next the wale^ and that next the keeL 

The Area of the Upper Water Line abaft. 

The breadth of the furface at the load water line^ upon the midfhip 
frame ^Q^s 21 feet 2 inches^ 

one h^f is ' ' 

^ ift Frame 

ad Frame ____^ ■ ■ 

3d Frame « ■ ■ " ■ ' ■ 

«'=-'*»' \%'^ — — "- -=■ 



\ 



6th Frame 
7th Frame 
8th Frame 



fwt. 


iMh. 


10 


7. 


21 


2 


20 


II 


20 


9 


2Q 


5 


»9 


II 


18 


II 


17 


4 


»5 


7 


6 


■ 44 



The 9th Frame XS is 12 feet 9 inches, one half rf which is 

, Total 171 n4^ 

which total doubled is 343 f(^t 11 mches, and multiplied by 8» 1 

the diftance betwixt the frames, is the whole area of the water > 2751 4 
line, from the midfhip to the after frame, in cubick feet j 
To this muft be added the area of the trapezium X S L « 
Now half of the lines X S and L^ is 10 feet o inches 

Diftance betwixt them is 9 9 

Produdl is 97 6 
which being doubled is — — igg o 



The whole area in cubick feet 2940 

By ufing the fame procefs, we may find the areas of all the other water 
lines ; and adding all thefe areas together, excepting that of the firft and 
fifth, of which taking only one half, multiply this fum by 4 feet 5 inches. 



which 



Digitized by 



Google 



5;6 Tajktd him htf^h a Sbipi will ^awry^ Ber GtmK Chap* VOl^ 

which is the diftance betwixt thcm> we flaail have the area in cabickfeet 
of that part of the ihip ahafc the midihip frame^ contained betwixt the 
lower water line^^ and load water line. 

feet inch. 1. p. 

Half of the area of the load water line ' 1473 zoo 

Whole area of the 4th water line —_-,-,— 2516 140 

Whole area of the 3d water line ■ ' ■ ■> — — 2052 040 

Whole area of the 2d water line ■ ■ ■ ■ 1452 10 7 6 

Half the area of the ift water line > ■ ■ 144 3 20 

Total 7638 556 

Multiplied by the diftance betwixt the water lines 4500 

Produ£b in cubick feet betwixt the lower and load water line 33736 6 i 3 6 

Betwixt the lower water line and keel • 333 6300 

Keel and poft loi 8000 

Cubickft. abaft themid(hipframeunderwater,when loaded 34171 8436 

Cubick ft. before the mid (hip frame under water, when load. 28928 6100 

Total cubick feet under water 63100 2 5 3 6 

IViukiply by the weight of a tubick foot of fait water -*— — pounds 74 

pounds. tons. lb. 

^"tov[f*r^!! ^^' """^ **' ^" ^""^'"'■'* } ^^^^^98 2334 1498 

We have omitted the operation for the fore part, becaufe it is performed 
exadly by the fame method with the after part. 

It muft be obf<;rved3 that in finding the cubick feet of that part contained 
betwixt the lower water line and upper fide of the keel, we muft take 
the heights of all the frames intercepted betwixt thefe two lines, and di« 
vide their fumi by the number of frames abaft the midihip, the quotient 
will be I foot 5> inches 9 lines. 

The area of the lower water line is ■ 

The area of the upper fide of the keel — — 

Total 
One half is 
Area of that part contained betwixt the lower warcr line and keel 

The ufe of the preceding calculation is to know if thc'load water line 
upon the draught be properly placed. 

It has been found that a (hip of 70 guns, with every thing' on board, 
ihould weigh nearly 2350 tons, which is only 15 tons 1297 pound nrore 
than what is found by calculating from the load water line in the draught, 
this difiference would occafion the ihip not to draw above one inch more 
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.nattir it is. ttot worth the re^fdiiog;. Bvtt tkenk by this^ c^Qishtnoo^ we^ 
difcov^r thai tJa^ &ipis too» Leaoi befoiie $ fbf whereas the fore part fhoulA 
exceed the -after port by 30 tuns, we find> by this calculation,, that the after' 
j>art exceeds the fore part by 193 tuns 1995 pottnd«.. 

' Upon this account we mud eonfidcr carefully if the fntd(hip frame is 
properly placed ^ it is here 5 feet before the middle^ If the mid(hip 
frame was exadly in the middle it would augment the weight of the fore 
part loz tuns ^oy pounds^ and diminUh that of the after part exaAly the 
fame quantity, by which means the fore part would be 1 172 tuns 10 14 
pounds, and the after part 1162 tuns« Now we may fill out the fore 
part, fo as to gain 1 5 tuns 636 pounds, which was deficient, to make the 
calculation taken from the draught agree with the real weight proposed 
for a (hip of 70 guns fitted out for fea, with fix months provifion on 
board ; and the fore-body will weigh 2:5 tuns 1255 pounda more than the 
after part, which may be judged fufficient. 

C H A P. IX. 

^ Method to calculate the Refijiance of the Water upon the 

fore Part of the Ship. 

DAILY Experience fufRciently proves that the fluids, by their 
motion, attack the folids that oppofe them, as bridges, mills, &c^ 
with fuch violence as to carry all before them ; and this is agreeable to 
the very nature of fluids. 

For all fluids are an aflemblage of a prodigious number of fmall folid 
bodies of a globular form, each of which being eafily put in motion will 
a£t upon any furface with the fame force that any other folid body of the 
like mafs would da But as thefe particles have but a very fmall cohe^ 
fion with each other, fluids cannot a& with the fame force as folids Which 
have their parts united, 

A mafs of water of 20 cubical feet will not aft with the fame force 
upon the pier of a bridge which oppofes it, as a mafs of ice of the fame 
dimenfions ; becaufe the whole mafs of ice having its parts fb united to- 
gether, that one cannot advance without the other, it gives the blow with 
ihe united force of all the parts at once, whereas the parts that compofe 
the mafs of water» being but flightly united, they cannot aft joijitly or in 
€On(;^rt, and they exert their force one after another ; they indeed fucceed 
one another immediately, and are a little united by their reciprocal pref«* 
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furtf 5 l>ot as eveiy part has its own peculiar velocity, fo it makes its ef- 
fort fingly by itfelf, and^ being eafily put in motion^ it will be as eafily 
turned out of its direAion, the parts being only retained together by the 
weight of thole that come next them. 

Fluids have a continual effort, becaule when a certain number have 
produced their effect they are fucceeded by others as long as the cur- 
rent lafts; 

Hence it will follow, that when a veflei is left to a current of the ri- 
ver, it can receive no more velocity than the current has, and its velocity 
will be accelerated till it is equal to that of the current. 

If, on the contrary, any floating body receives a motion in a contrary 
diredion to that of the current, it will be continually retarded, till it 
has none, and then it will change hs diredion to foHow that of the currenf.. 

We fhall here remark, that it is indifferent whether we aicribe the 
motion to the folid or to the fluid $ for the impreflion of the water upon 
the fliip's ftem is the fame when under fail, as when at an anchor, provi- 
ded the motion of the current be equal to that which the fliip acquires 
by failing. 

The effort of fluids is as the fquare of the velocity of the current. 

It is very plain that the more rapid the current is, the greater will 
Ae impreflion of the fluid be \ for the parts wUl then (hock the folid witb 
greater force than when it runs flowly ; fo that the force is augmented irv 
proportion to the velocity. Again, the number of the parts ^the fluid 
ibat flrike the folid in any fpace of time, is in proportion to the velocity 
4>f the current ; for the fafter it runs the greater will be the number of the 
parts that flrike the folid in a fpace of time; fo that not only the effort 
of the fluid, but likewife the number of parts that attack the folid, is. 
augmented in proportion to the velocity of the current, and when thefe 
two are united, the effort of the lluid will be in a duplicate ratio of the' 
leelocity y fo that if the velocity be doubled, the fhock will be quadrupled. 

Hence,, the fafter a (hip goes through the water, the greater will be the 
refiftance fhe meets with, and this will be augmented m a duplkato ratie* 
ef the velocity with which fhe fails. 

The impr^on of a fhiid inereafes as the furfaces whkh oppofe ils; 
torrent. 

k is very plain, that if one furface is double another it will receive 
doqble the number of the parts of the fiuid, and of confequence the im- 
fMreffioo will be double upon the furface, whofe afea is double the area of 
anotiier Air&ce. Hence thefe fhips whofo midfhip fratnea have the 
greatefl capacity meet with mofl: refiAance. 

The efforts of duids will be lefs when the fur&ces are in an oblique 
portion to the current, than when in a perpendicular pofition, 
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PlatilV.Fig.j.2 LetEA rcprefent th« courfc of the fluid fetting per- 
pendicularly on any body A B; it is plain^ that it receives the impremon 
of all the parts of the fluid contained between A and fi; whereas, if die 
point B be moved to D, the parts of the water contained betwixt B and 
G will have no impreflion upon A D. Hence the quantity of the fluid 
which attacks A B is to that which attacks AD m A B is to A G ^ 
^at is, as the radius is to the fine of the angle of incidence BAD. But 
if there were no other advantage gained by this oblique pofition, thaa 
being expofed to fewer parts of the fluid, it would be of very little 
fervice to a (hip which mud hanre a fufHcient breadth, fuppoie A B 1 it is 
plain, the number of the parts of the fluid which give the impreflion will 
be the fame, when the fore part of the (liip is in the form of A D B, a& 
when it is flat in the form of A B ; but the fluid which exerts its force 
on the furface A D B does not produce the fame impreflion as when it 
exerts its force on A B, becaufe toe direAion of each particle of w:aterg 
which flrikes any furface obliquely, may be refolved into two directions, 
one perpendicular, and the other parallel to the plane. 

In order to give us an idea of compound motions, and of therefolutioa 
of their forces, let us fuppofe two rulers A A and B B, {Plate IV. Ftg. 5.) 
placed upon a plane at right angles to one another^ and a fmall ball C pla«- 
cf d at the angle of their meetings it is plain, if we Aide the ruler B B ia 
a parallel pofltion to itfelf, it will carry the ball C along the edge of the 
ruler A A ; but if both the rulers be made to Aide togedier, (b that they 
flill prefervethe fame angle^ in fuch a manner that when the ruler A A 
arrives at the line VII, VII, the ruler B B arrives only at the line 3, 3* 
It is plaiui the ball will defcribe the diagonal of the parallelogram C^ 
VII, D, 3« the fides of which will be proportional to the diftance the ru^ 
lers have moved, that is, D, VII istoD3as3to7j but if the rulers 
be fuppofed to be moved equally, fo that when A A arrives at the line 
VII, VII, B B fliall arrive at the line 7 7, the ball will defcribe the 
diagonal C F of the fquare C, VII 5 F 7. 

Now, if we fubftitute any other two agents in the place of the rulers, 
fuch as two hammers^ and both be fuppofed to ftrike the ball with equal 
force at the ian^e time, it is plain, the ball will go in the diredion of the 
diagonal C F ; but if the force with which one hammer flrikes the ball 
be to that by which the other hammer flrikes the ball, as 7 to 3, thea 
the ball will move in the direction of the ImeC D. 
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The principal EffeSls of Compound Motions. (Plate IV. Fi^. 6.) 

If two powers C and B adt with equal force on the body A, that is toi>, 
fey, that the power C would drive to B in the fame time that the power 
B would drive it to C j in the contrary direiftions of the lines C A and. 
B A, the body A will remain at reft ; but if one of the powers ads witb 
greater fotcc than the other, the body will follow the direAion^ of that 
which predominates, diminiflied by the quantity of the fmaller force. 

2d, If two powers Dand E adl upon the body A in the (ame dircdlion, 
viz. m the lines D A and E A, the body A will follow the direftion o& 
both, and pafs through the point F, with this only difference, that it wilt 
go with greater velocity when impelled by both powers than with one. 

3d, Let the two powers G and H ftrike the folid A, in the dirediort 
of me lines G A and H A, it will thereby receive a compound motion,, 
the force and dircftion of which may be expreffed by the. diagonal of ac 
parallelogram, as was before obferved; 

In order to conftrudt this parallelogram, which is called the refolution 
of the forces, let the two powers G and H be fuppofed equal and ex- 
preffed by the lines H A and G A ; from the point G draw the line E G 
equal and parallel to H A ; from the point H draw the line E H equal 
and parallel to G A, and the diagonal E A (the refult of the two powers 
feprefcnted by the fides of the parallelogram H A and G A) (hall exprefs 
the velocity and direction of the compound motion j the effedt of which 
will be, that the body A will be carried through the point F. But fuppo- 
fihg the forces unequal, and let that of H, (F/^. 9.) reprefentcd by the line 
HA, be double that of G, reprefentcd by the line R A j then From the point 
R draw the line R S equal and parallel to H A>. which (hall exprefs the 
forceand direction ofthe power H j and from the point H draw the line H S- 
parallel to R A, which will exprefs the force and diredtion of the power 
G } the diagonal S A expreffes the velocity and diredion of the body A, 
which will pafs tl^rough the point T, whereas, if the powers were equaK 
it would pafs through the point F. 

It may be renntarked, that two attractive powers placed at P and Q,, 
would produce the fame effeft as two impulfive powers at G and H, and 
that the parallelogram may be conftrudled on the lines A Q^nd A P. 

C Q N S E QJJ E N C E S. 

ift. The acutet the angle of the direftion of the power is, the nearer 
will they approach to one diredion, and aiS with greater force 5 fo the 
refult of G and H is greater thaa thgt of K and I, fuppofing the powera 
to be equal. ^ ' z^^ 
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ad. The grcateft cfFcft of two powers is, when they both a (ft Fa the 
feme dirc<5lion, and the leaft when they adl in contrary diredtions. 

3;d. When two- equal powers a(5l in fuch a dire^ion tha:t they form an 
angle of 1 20 degrees, as A K and A I ; in this and in no other caie, the 
refaft will be equal to the fingle force, of A I or A K 5. it only iihanges the^ 
diredtion ; Tor when the two powers aft jointly, A will be carried to F,, 
whereas if K only adted, it would be carried to T ; or if I only afted^ 
A would be carried to Vj if L only ads it will be carried to V"; if M 
only adks it will be carried to T, 

4th. If the direfiion of two powers make an angle kfi than- 120 de- 
grees, as G A and H A, they will affift one anorficr ; but if they form an. 
angle greater than 1 20 degrees, as L A and A M> they will be recipro- 
cally diminiflied. 

^be Refults of a Motion imprejfed upon a Body Ay in Relation to a 
Surface a b, v)bicb ofpojes its Motion. (Plate IV. Fig. 6.) 

ift. When a body ftrikes a furfacc obliquely it will be with lefs force 
than when it ftrikes it perpendicularly ; for it may ftrike it fo obliquely as 
only to graze along itj between the perpendicular fliock, which is the& 
greateft, and the oblique, which approaches neareft to a parallel to the 
forface, there may bean infinite number of diredions^ lefs or more ob- 
lique, and the furface will be (truck with more or lefs force^ 

2d. If the two powers are united in D, they will a(9:> in the dire(fi!roi» 
DF, with great force upon a b;^ becaufe they not only adl jointly, but 
Ukewife in a perpendicular direction upon the furface a b. 

3d, If the two powers be equal in force, and adk in the direftion of the 
lines G A and H A, the body A will alfo fall perpendicularly on. the 
furface a by but with lefs force than in the firft cate> becaufe of the obli-^ 
quityofthe diredions. 

4th. If the power H have double the force of the power G, then the 
dirediion will be changed into the line S A, (F/]gT9.) and the body wilE 
jftrike the fur&ce obliquely in the direction of the line S* T, but with, 
kfs force than in the/econd cafe, not only, oh account of the diminutiom 
of the- force of the power G, but alfo on account of the obliquity of 
the (hock. 

5th. It will be indifferent whether the body A receives its impulfe: 
from one (ingle power, or from two, i:^ that it ftrikes the furface a biit 
the fame iiiredion. Hence we (hall have no- occaftoa to confider the: 
powers which give the motion, but only the velocity and the dircdtionJn: 
which they i\rike the furface. 

• 6th. It will produce the fame effeft, whethct we change the line o£ 

difioAiom 
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diredion, in which the body A ftrikes the furi&ce ab^w change the po-- 
fition of the furface a hm refpedt of the line of diredlion. 

From what has been faid, it will follow, that if the conunon cffefl; of 
two powers afting upon the fame body be known, and alfo the dircdion. 
and force of one of them, then the diredion and force of the other may- 
be found ; tor let the body C {Fig. 5.) be carried to the point D by the 
aflion oT two powers, and one rcprefented by the line C, VII ; draw tha 
line D 3 equal and parallel to C, Vll, and compleat the parallelogram, fy 
(hall C 3 exprefs the force of the other power. 

^be jlpplicathn of what has been faid in the Stock 0/ Fluids. 

We have hitherto confidercd the (hock of a folid body in different di- 
iTtSions upon the furface of another folid, but we will readily grant that 
fluids do not ad in the (hock in the fame manner that folids da It is 
very probable, that when a fluid falls perpendicularly upon a iurfiatce^ 
there is a mafs of water that refb immoveable before the furface^ which 
occupies the place of a folid b6dy, and has nearly the fame tScGt^ as if 
the furface was round, fo that the nuid does not attack the body that op* 
pofes it in a diredtiop perpendicular to its courfe ^ befides, the particles of 
water which attack a furface, whether obliquely or not, may rebound. 
and change their direction, ib that the laws of fluids are quit^ different 
from the laws of folids in the (hock. 

The oblique diredion of a particle of water may be refolved into one 
that is perpendicular to the body which oppoi^^s its courfes, and one that 
is parallel to it. 

In order to conftrudl this refolution, (PAtf^ IV. Fig. 11.) upon the 
Kne A C inclined to the current, form the paraUeTograoa A H RF 
(A £ reprefenting the velocity and dire(3;ion of the current) making E F 
parallel to C A and £ H perpendicular to C A. The diagonal £ A, 
which rcprefents a particle of water and its velocity, will be the refult of 
a motion fuppofed to be produced by two powers, one parallel to A C, 
whofe force and diredion is reprefented by £ F, the fide of the 
arallelogram, and the other perpendicular to it reprefented by the fid« 

H. 

Hence it will follow, that when a furface is expofed to the (hock of a 
current, in different oblique diredions, the force of the direA (bock is to that 
of the oblique, as the fquare of the radius is to the ^uare of the fine oC 
the oblique angle of incidence ^ for the effort of the particle £ A, (which 
ftrikes the body A B, in a perpendicular direction,) is to the effort of the 
fame particle £ A i (which Ihrikes the body A C in an oblique dire^ion,) 

. . as 
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as E A is to EHi butE A is to EH as AB, the fine of the right an- 
gle^ idto AG> the fine of the oblique angle of incidence. But it was 
before obfervcd, that the fum of the particles that ftrike AB is to the 
Turn of the particles that ftrike A C as the radius is to the fine of the angle 
of incidence. Hence, by multiplying the effort of one particle, by the 
flumber of particles that ftrike A o, (that is, the effort of the whole water 
upon A B) and multiplying the effort of one particle by the number of 
particles that fall upon A C, that is, the effort of the whole fluid upon 
C A) we (hall have the following proportion : The effort of the whole 
fluid upon A B is to its effort upon A C, as the fquare of the radius is to 
the fquare of the fine of the angle of incidence. 

When the furfaces A B and A D, which oppofe the current A E, are 
unequal (Pi/r? IV. Fig. ro.) the quantities of water which ftrike thefe 
furfacea are as the produftof the furfaces by the fines of the angles of in- 
cidence i from whence we flball have the following proportion : The ef- 
fort of the fluid upon A D is to that upon AB, as the fquare of A G, the 
fine of the angle of incidence multiplied by the furface A D, is to the 
Iquare of A B> the radius, multiplied oy the furface A B. 

C O N 8 E QJJ E N C E S. 

ift« If twa equal furfaces^^ expofed to the fame current, receive its ihock 
in different obliquities; the im^reflions will be to one another as the fquares 
of the fines of the angle of incidence. 

zd» ^ fur&ce parallel to the ct^rreot can receive no fhock, becaufe there 
k DO aosle of incidence. 

3 d. It two^unec^ual furEoes are expofed to the fame current, the iov 
preilions they receive b^ the fbock in different abliquities, are to one an^ 
jother as the produds of the fqua^es of the fines of the aisles of incidence^ 
and of the furfacea that receive the {hock. . 

4th. If two equal furfaces receive the fhock of two unequal currents^ 
the in^preflioas will be to one another as the produifh of the £quares of 
idle velocities, and of the fquares of the angles of incidence^ 

5th. If two unequal Surfaces are expofed to two unequal currents, 
which fitrike them with different obliquxties, the imprefilons will be to 
ore pother as the produ(Sts of the iquares of their velocities ; of (he 
fquares of the fines ; of the angles of incidence ; and of the fur&ces. 

All thefe confequeaces may be deduced from the preceding principle^^ 
it only remains to apply them 

Let A E (Plate IV, Fig. 4,) reprefent the extreme brcfadtb of a 
vefiCqli and let the fpce part be formed accocdio^ to the angles AC 13^ 
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or A F By (ur A L B. In order to Good th«: e£Gbrts of the &n\d, ftippofis)^ 
the velocity and dwt&ioa tabe the famc^ and parallel' to the keel, intlu: 
ihrec ca^e&, ©pea the middle of the line A B» ere<S the perpen-dieulaJr ; 
E L, which will pafs through the tops of all the triangles > then to find 
the fines of the angles of incidence, with the radius A B defcribe two 
arches, A F and BF^ to interfedt one another in the vertex of the equi- 
lateral triangle ; the archea will interfe<St tlie fides of the angle> that is le{s 
than 6q degrees ; but not the fides of that whfch is more than 60 degrees j . 
produce one of the fides from C to M (Plate IV. Fig. 4,) Laftly, let 
fall the perpendiculars M D, F E, P K,. upon the line A B, from all the j 

points where the arches in terfeft either the fides of the triangles^ or the I 

fides that are produced ; fo fliall A E^ A D, and A K, reprefent the fines 1 

ef the angles of incidence upon the different triangles A F B» A C B, 
and ALB. 

It will be eafy to obferve, that the eiFort of the fluid upon the intire 
fore parts A C B, A F B, or A L B, is to the effort upon the extreme 
breadth, as the effort upon AC, A F, or A L, is to the effort upon A E ^ 
but it was proved before, that the impreffions received by two unequal 
furfaces, oppofed to the dircdion of a current, are as the fquares of the 
fines of the angles of incidence multiplied bj the forfaces ; fo» in this cafe» 
the impreflion on AC will be to that on AE, (or, which is the fame 
thing, the impreffibn on A C B will be to that on A B) as the fquare of 
A D, the fine of the angle of incidence, multiplied by A CB, is to the 
iqoare of the radius multiplied by Afi: 

We have alfo the effort on AFB to the effort on AB 5 as AFB, 
mqltiplied by the fquare df A E,. the fine of the angle of incidence, is to 
A B, multiplied by the fquare of A B the radius. This proportion would 
ihew the effort of the, fluid upon the prow AFB, in a perpendicular dti- 
rcdion to the fides A F and B F, which would be very ufeful, if it were 
required to determine the dimenfions of the timber that is to.rcfift that 
preffure of water j but in the prcfcnt cafe, where only the relative effort 
upon the prow is confidercd in the direAion of the keel, we muft form 
another refolution. Let then C D {Fig. 8.) reprefent the effort upon F B; 
perpendicular to that fprface *, if from the point D we let fall the perpen- 
dicular D H, and complcat the parallelogram G C D H, C G ftiaU repre- 
fent the relative effort upbnthe prow in the direftion of the keel, foihe 
whole effort upon F B, may be reprefented by F B multiplied by the 
fquafe of the angle of incidence, which is to the relative effort as FB is 
to E B : The relative ^ffort then is equal to the fquare of the fine of 
the angle of incidence multiplied by EB, or by the fum of the particles 
vrluch falL upon FB| fo to find the relathre -eflforfon F B, we muft 

^ multiply 
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Chap. IX. Of the Hc^fi^inc^ ^f Fkf^u 65 

multiply the /quare of the angle of incidence by the projeilion of tlvc 
plane F B upon the beam £ B« 

The* this method cannot be truly applied but to rectilineal triangles^ 
yet, by dividing curves into a number pi fmall parts, each may be con- 
sidered, without any fenfible error, as a ftrait line. M. Bou^uer makes 
nfe of this method of approximation to a fufficient degree of exadneft. 
What we have already faid upon that head, it is to be hoped, will facili- 
tate this delcription to fucb as have'only a flight knowledge of the mathc* 
matics ; fo that all that remains now is, to apply this to the draught of a 
ihip of 70 guns, which has been already laid down. 

A Calculation of the Refijlance cf a Fluid upon the Prow of a Ship of 70 
Guns J which we have laid down in a Draughty compared with the Effort 
of the fame Fluid upon the Area of the Midjloip Frame. 

As the operations are to be performed upon the plane of projeftion 
before laid down, all the frames in the fore part muft be exadtly formed 
as before in Plate II. in order to which it will be neceflary to make ufe 
of a larger fcale, as in Plate V. 

It will be very convenient to draw the water lines I, II, III, Gfr. and 
the frames i, 2, 3, G?r. to the midfliip frame, at equal diftances from one 
^another. 

It is phin, that the water lines and frames divide the prow into trapezia, 
fuch as rtf, 8 3, 7^, Gfr. correfponding to the trapezium A D, and pa- 
rallelogram a rf, in the plane of elevation, Plate 11. 

It will be neceflary to obferve, that there muft be fo many water lines 
and frames, that the lines 8 <7, 7 ^, 6 c, ^c. which are curves, may be 
eifteemed ftrait lines. 

We muft draw the diagonals r d, 8 ^, jc^ &c. through the trapezia ; 
but we may take two trapezia at once near to the midftiips, becaufe the 
fliips fides arc there nearly parallel to the current. 

It will likewife be proper to obferve, that thefe diagonals are the pro- 
je£tions of the diagonals of the parallelograms reprefented upon the plane 
cif elevation, at leaft, on the fiirfece of the fliipj as for inftance, the dia- 
gonal 8^, on the plane of the projeAion, is the projection of the diagonal 
8 d drawn on the plane of elevation. 

Theic diagonals divide the prow intt) the triangles i, 2, 3, 4, Gfr. which 
ftrike the fluid with diflferent degrees of obliquity. 

We iiave not the entire areas of thefe triangles, by reafon of the curving 

' of the prow, J>ut only their projeSion ^n the midlliip frame j but this Is 

iiU^we want; for the fum of all the particles of water that ftrike the tri- 

K angles 
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angles are proportioiKd to the triangle projefied on the midthip fratne^ 
fince the water that ranges along. each triangle may be confidered as a 
, triangular prifm, the bafe of which is eqnal to the triangle ra%^ Fig. i. 
Plate V. and this was the thing in queftion. M. Bouguer propofes to caU 
,culate the effort of the fluid on each triangle, their fum will give the (hock 
of the water upon the whole prow^ and compare this to the (hock of the 
fluid upon afurface parallel to the area of the mid(hip frame. 

To attain this, M. Bouguer lets fall perpendiculars to every ^ame, 
from the angles formed at the interiedion of the water lines and the dia- 
gonals that were drawn to form the triangle ; for infknce, upon Che frame 
8, the perpendiculars lb and r ^ ; upon the frame 7 8, the perpendicular 
8 m on one fide, and the perpendicular nc on the other £de, (3c^ 

This method requires that there be as many right angled triangles 
formed as there are triangles on the prow ; and as there muft be a great 
number of them, it will be necedary to find fome method of Ibrming 
them. The following fcems to me to be the moft expeditioiM. 

Draw two parallel lines, B D and C R ; let the diftance betwixt them 
be equal to that betwixt the frames on the plane of elevation, and by this 
one operation we have the height of all the triangles that arc coetained 
betwixt the parallels. 

As the bafe of all the reftangles (hould be equal to the perpendicular 
of the correfponding triande of the prow, we may fet off the lef^jMi of 
each perpendicular upon me parallel C R > fo (hall C H, Pig. 2, be equal 
to rp^ Fig. I J HL, Fig. 2, equal to s a^ Fig. i j L E equ^ to ft M, &€. 
To compleat the triangles, draw the perpendiculars H N, L M, and the 
hypothenufes D H, N L, (Sc. 

If one^of thefe rectangles be confidered (ingly, DH may reprefi^nC the 
. radius, and C H wHl be the (ine of the angle of incidence. 

All thefe triangles being defcribed, we may begin to find their areat da 
the plane of the projedion, becaufe it is upon this that the relative impoTfe 
in the direftion of the keel depends \ which is the thing now requked, as 
was before obferved. 

The fur&ce of a triangle Is found by multiplying half the bafe by the 
perpendicular ; fo the furface of the triangle r, tf, 8, will be the produd of 
the perpendicular r/, (equal to C H) multiplied by half the ba(e a 8, aoi 
this will be the fum of all the particles which (fa^ike the triangle r, a^ 8, 
which is an element of the prow of the fhip. 

In order to find the relative force of the fluid in the dire Aion of the 
keel on that part of the bottom^ correfponding to the triangle r^a^ .8, it sa 

only 
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only multiplying the furface of the triangle by the fcjuarc of the fine of 
fh^ incidence ; in place of multiplying it by the fquare of the radius, 
which would give the impulfe the tnangle would receive from the water 
in a perpendicular direction ; now if we divide this impulfe by the obliquo 
one, the quotient will give the quantity that the impolfe is diminished by 
the obUc^tty of the prow ; but there will be no occafion for this la£: flep, 
for as the fom of all the products of the triangles multiplied by the fquare 
of the radius, gives the effort of the fluid upon the midlhip frame; the 
direct effort may be found by multiplying the area of the midfhip fVame 
by the fquare of the radius, and if this be divided by the fum of the pro- 
du^ of all the triangles, multiplied by the fquares of the fines of the an- 
gles of incidence oi> each crbngle, we fhatl know the diminution of the 
refiftanoe which the prow meets with im proportion to that of the mid- 
fliip iroKie, 

It would be atmoft impradticable to moftipfy the furface of each trian- 
gle by the fquare of the fine of the angfe of incidence, upon which account 
M. Bouguer fubflituted proportional )ine» in place of the fquares of the 
fines, which we fiiall now explain^ 

It was befoie obiervcd,. that if D H be the radios, C H wiil be the 
£ne of the an|le of incidence. 

li we> let fall the perpendicular G Qupom the Hne D H, we fhaM have 
the triangle D C H fifliilar to D O C ; fe taking the t(fxz\ lines C D, 
and N H for the radius, C O will be the fine of the angle of incidence. 

If we draw O P perpendicular to I> C, the triangles DOC and COP 
Witt be fimilar, therefore the triangles D C H and COP will be. fimilar, 
andDfi is to C H as O C to CP> but D H is to CH as D C to 
C O, and by multiplying thele two proportions, the fquare of D H will 
be to the fquare CH as D C is to PC; that k, if D C reprefent the 
iquare of the radius, P C will be the fquace of the fine of the angle of in« 
cidencc« C D H. So the lines C P, H Q, L C,. &c. give the fquares of 
the fines of the angles of incidence in the triangles i, 2, 3, &c. which are 
to be^ tmslri^lkd by the furfaces of the triangles; and the parallels DC. 
N H, &c. always reprefent the radius. . . 
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A Calculation of the Refiftance of the Fluid upon the Prow of a Ship of 70 
GunSy compared mtb that upon the Midjhip Frame. 
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7 


3 


2 


8 


II 



Total 



249 10 II 7 



We muft in the next place find thedired effort of the water upon the 
area of the midfliip frame, by multiplying the area by the fquare of the 
raduui. 
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Crap. IX, O/ibeRg/^mtiiifPkidt. 6> 

OPERATION. 

Half the 6th water liner VI ^ lo z o 

The whole 5th water line V ' ao o o 

The 4th water line 1 9 5 o 

The 3d water line 18 i o 

The 2d water line 15 11 6 

The I ft water line 12 o o 

The breadth of the keel o 00 



Total 95 9 6 
3 2 o 



Multiplied by the diftance betwiict the water 7 

lines, which is 3 

Product is the area of the midlhip frame 303 4 i 

Multiplied by the diftance betwixt the frames 800 

Produft 2426 8 8 

This being divided l^ 249 : 10 : 1 1, the fiim of the efforts of the fluid 
^pOD the triangles of the prow ; the quotient is 9 A, which (hews that 
&e effort of the fluid upon the prow is to that upon the midfhip frame 
as I is to 9 -iV> which is a fumcient diminution of the refiflance for a 
fliip of this force. Bence we may conclude that the water lines in the 
fore-*body are well formed, but a frigate will require more diminution^ 
as wiU appear by the following examples. 

The BrUknty as 3 i to i, a very bad failed 

The Tigre^ as 5 to i, a company keeper. 

A (hip of 50 guns, defigned by M. Boyer^ but not built, as 8 to i. 

The MonarquCy of 74 guns, 4 lb. (hot, built by M. OUivier in 1744, as 
13 T to I. , 

The Akide^ of 64 guns, by M. QUiviery at Brefi 1741, as 6 ^ to i. 

The lUnomme^ buikat jBr^ by M. .Defalieurs 1744, as 10 to i.— iThis 
(hip, by the accpunt of the qaptain, was a very fme failen 

The BadinCy 6 guns of 3 lb. fhot, as 7 ^ to i. 

The Pantherey of 20 guns 6 lb. fhot, as 10 ^ to i. 

The Amazojiy of 44 guas, built by M. Bbfi Pengahty as 8 4 to r. 

The Super be y built by M. Heliey as 5 A to i. - •• 

The Mutiney of 24 guns, built by M. Geffroiy fenior, as 10 4 to i. . 

We have compared the efforts of the fluid upon the prow of each 
fliip, with that upon the plane, equal to the area of the midfhip fran)e» 

it will be proper alfo to ei^axnine tf the reiiilance in thofe be lefs than 
In ihips which are known to be good failers s but it may happen that a 

L fhip. 
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fh5p, whofe mid(hip firame has a fmall area, may meet with little refif- 
tance, tho' her prow be not diminifl^ed in prdportion to that of her mid- 
fhipframe J fo it will not be fufficient to know this proportioe only, to 
be afliircd whether or not the fhip will be a fine failer. We muft alfo 
compare the areas of the mid(hip frames, and not reft fatisfied with com-i 
paring the efforts of the fluid, upon the prow of the fhip we have laid 
down, with that upon the prow of the fliip of the fame rate, which has 
gained a good chara<3;er. 

^befirjl Example ofComparifm. 

We know that the area of the midfhip frame of the 70 gun- fhip, we 
have laid down, is 606: 8 : 2, and that the effort of the fluid .upon the 
prow is to that on the midfhip frame as i is to 9 t^. Now if another 
ihip of the fame rate has the area of her midfhip frame 7 or 800 feet^ 
fuppofing the fails, and every thing, that may contribute to failing, to be 
alike in both \ its plain this laft cannot fail fo well as that we' have laid 
down, and by this example, it is very plain, that if we would calculate 
which of two fhips would fail befl, we mufl:, after finding how much the 
refiftance of the fluid upon the midftiip frame of each is diminifhed by 
the form of their prows ; alfo compare the areas of their mifhip frames, 
that we may know which of the two has thegreatefl mafs of water to 
difplace j but if it was only required to know, which of two fhips of the 
fame rate would fail bef):, it would be fufficient to compare the efforts of 
fluids upon their prows. 

7befecQnd Example of Comparifon. 

We have found by the calculation, that the effort of the fluid upon the 
prow of our fhip of 70 guns, is 249 : 10 : 11:7; but if, by a like calcu* 
lation, we find the refiftance upon the prow of a fhip of the fame force, 
and carrying the fame quantity of fail, to be 300 feet, we may thence 
conclude that ours will fail heft. 

It will alfo be proper to examine, by the fame calculation, whether the 
fhip v^e have laid down,can carry a good fail^drive but little to the leeward, 
and fleer well. 
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P R E F A C E. 

IN grateful acknowledgment to the public, for their fa- 
vourable ' reception, of my firft Edition, I have, in this« 
Supplement^ colleded all the difcoveries I could either make 
by my own obfervations, or gather from the writings of 
M. BouGUER and M, Duhamel. 

1. have likewile endeavoured to determine the thicknefs 
of the plank ia the diredion of the planes of the timbers, 
and have illuftrated it with a Plate engraved for that pur- 
pofe ; Plate V. in the firft edition^ being too much crowded, 
with lines, to adpiit of any addition. 

Alfo an account of experiments that have been made to 
afcertain the form of a folid that will move through the 
water with the greateft velocity. Thefe experiments like- 
wife ferve to determine the propereft pofition of the mid- 
fhip frame. 

The proportions for mafts and yards^ caps, tops, tniflll- 
trees, and crofs-trees^ are inferted, 

Likewife the weights of the anchors, .the dimenfions of 
the cables, the number, nature, lengthj and weight of the 
guns on each deck, according to the rates of the feveral 
{hips in his Majefty's Navy. 
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SUPPLEMENT 

TO THE 

PRACTICAL TREATISE 

O N 

S H I P - B U I L D I N G. 



MBOUGUER, in the Preface to his Traite du Navtre^ I 

gives an account of the progrefs of (hip-building in France^ \ 

• with the names of fevcral eminent mei) who applied themfelves^ j 

with much zeal, to reduce-' naval architedure to certain mathematical ^ 

principles; and fays, that at a conference held zt Paris in 1681, the i 

principal dimenfions ufed in France were eftabliflied by an order of the 
arfenal. He makes mention of Pierre Janffe Horn^ who, in the begin- 
ning of the laft century, imagined that Noab^s ark fhould be made the 
standard and pattern of the form of a fhip: But M, Bouguer obferves^ 
he did not confider that the ark> far from being defigned to fail witl> 
any degree of velocity, was built only to fuftain a great weight, wher* 
lying at reft on the furface of the waters of the deluge; Be that as it 
will, it fcems, at leaft probable, that the firft.defign of building floating, 
veffels, was to carry goods from one place to another. 

Now, the propereft veflels for that purpofc would be fuch as coul6 
contain the greateft quantity of goods, and carry them in the fhorteft 
time to the intended port :, So, that capacity and velocity feem to be two- 
cflential qualifications. 

As to the firft, that of capacity, a circle has a greater area than any^ 
other plain furface of the fame circumference ; and, confequently, a cylin- 
drical tub would be the propereft form to anfwer the firft end,, but the very* 
worft for the fecond, wsr. that of velocity : For, by what method foever the , 
power that fets the veflel in motion is to be applied, it is indifferent wliat). 
point goes fbremoft ^ and if it were applied in an oppofite direction, the 
Sup^.^ A- . vicffcl: 
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^ffcl would go as faft a-ftcm as a-hcad, if I rpay be allowed Aat «• 
preflion, where there is neither head nor item. 

A Cube is the next folid of greateft capacity ^ but this is fubje^ to the 
fame inconvcniencies as the Cylinder : Hence we may conclude, that all 
floating vcffcls may be longer than broad. 

An oblong reftangular parallelopiped will go with greater velocity 
endways than fideways j but it will be indifferent which cwd goes 
foremoft ; and, befides, this form would meet with great refiftance in 
. pafling througJi the water. For, let the component parts of that fluid be 
ibppofed never fo fmall particles of a globular form, it is certain they 
muft have fome kind of cohefion j and tho' they areeafily fet in motion, 
they muft aduaUy be feparatod before any body can ptfs tfarough them ; 
and any plane moving in a diredion perpendicular to itfelf, muft ^ifpkee 
as many of thefe particles as are contained in the area of that plane i and, 
as it advances forwards, will ftili have the fame number ot particles to 
difplace, before k can go a-bead ; hence we may conclude, the pvalleb- 
piped will not anfwer the two edential properties. 

Let us next examine, bow £kr the weidge would anfwer thofe pur- 
pofes: This being tapered to an edge at the fore*<nd, will ea&Iy difide 
the fluid, and the fides will attack the particies in m\ obliqvie direction, 
and confequently will meet with le& reflftanoe in pafiing through the 
water. If the particles of water were as clofely anked as thofe of wood!, 
perhaps the wedge would be the propcrcft form to force its way through 
a body of water. But it muft be obferved, that the wedge aCts in a quke 
diflFerent manner, when cleaving a tree, and when dividing a fluid $ for 
the parts that unite the tree are feparate<l at a great diftance hdfort the 
wedge^ and the parts through which it has pa^d are fo far from endea- 
vouring to unite themfelves again, that the extremity of the tree will be 
double its diameter a&nder, be£^re the wedge has advanced near the 
other end ; whereas, the wedge hsiS no fooner paflfed through the particles 
of water, but they ihnnediately unite as clofe as belbre, and none of the 
particles are feparatcd till the wedge adually ftrikes them, and no fooner 
has the wedge forced its way through any number, but it has the fanM 
number to eiK:ounter, and drags a quantity of what is called dead water 
I after it : for, placing a flat piece of wood in the water, at the after end 

i of the wedge, it will keep clofe to it, till the wedge alters its dircdion ; 

I for which reafon, there feems to be a neccflity for tapering the after-«nd 

' of the wedge. It muft likewife be obferved, that the mall thaft forces 
the wedge a-head drives it in a direction perpend icula* to the after-end ; 
whareas the wind that forces a (hip a*head, fometimes ftrikes it in a 

dire&ion 
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dircftion oblique to the keel, which will be apt to drive it out of the 

dircdion of the keel, as is the cafe of a (hip that lofes her raddcr : This^ 

is another reafon for tapering a (hip at the after-end, for othcrwife the 

rudder would havfc but very little power to keep her fteady in a ftrait \ 

courfe, ' 

We have now found, that all fhips mufl: be longer than they are broad^ 
and likewife tapered at each end : The next thing to be conlidered is, 
whethet' or no the fides (hould be perpendicular to the bottom : In that 
cafe, all vertical fedions perpendicular to the keel, and at right angles,, 
would be parallelograms, which would be a very improper form for di- 
viding a fluid ; for though, by the tapering at the fore end, the rcfiftancc 
would be lefTened, yet the particles flfiould be fo hr feparated as to allow 
the plane of the midfliip frame to pals through them ; and though the 
effort of the fluid upon the mklfliip frame would be greatly diminifhed 
by its oblique direction, yet as the (hip would then be as broad at the 
keel as at the water*8 edge, the bow would meet with great refiftancc 
every time the (hip went about j fo that there feems to be a necefllty,, 
not only of tapering them at each end,, but likewife from the extreme- t 

breadth down to the keel. 

The next enquiry muft be, whether thefe vertical feftions arc to bc: ^ 

limited with curve or ftrait lines, and how to afeertain their form. j 

The mathematicians have endeavoured to ioveftigate the form of that 3 

folid which meets with leaft refiflance in pafling through the water; i 

but they have not drawn any practicable rules from thence, to determine i 

the form of a (hip y and ihould they be fo lucky, after a tedious calcu- S 

lation, as to find out the particular form of fuch a folid, it would be of ^ 

little ufe in forming the body of a (hip : For it is fuppofed,. that the: h 

folid is to continue in the fame pofition in the water, otnerwife the.im* '^ 

merged part will alter its form as often as it alters its pofitlon, . unlefs it: ] 

be, as M. Bouguer would have it, formed by the revolution of a curve ; 

round its axis. Hence we may conclude,, that the particular form of a 
fhip cannot be determined by rules that will admit of a mathematical! i 

demonftration. .j 

The builders, finding they couW have vcfy little aiSftancc f^om the: 
mathematicians, have applied themfelves to experience; and though they/ i|| 

have not found any particular form which may be a ftandard for allt 
(hips of the fame burthen, and deligned for the fame fervice>. yet in; 
fome points they feem to agree* Hence it is, that, in (hips of war, of- 
the fame rate, the principal dimenfions are nearly the fame ; and in all . 
(hips the midfhip frame is nearer the fore- part than the after-part. For,. 

A z finding; 
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finding by repeated trials, that a maft or tree, when tapered,- will tow 
fafter through the water with the butt end foremoft than with the fmall 
end, they conclude it will be fo in fliips ; though M. Bouguer thinks 
the only reafon for towing the butt end foremoft is, that the rope may 
not flip. The rules given us by M. Bouguer^ for calculating the refift- 
ance, feem to be deduced from the fame principles as thofe for afcer- 
taining what weight will raife any heavy body on an inclined plane, which 
may be effedted with as great certainty as by weights in a pair of fcales, 
as is proved by experiments. 

If the particles that compofe a mafs of fluid were folids of fuch a 
particular quality, that when once feparated, they could not be united 
again, without the application of fome exterior force, the fame rules 
might anfwcr in both cafes. But when it is confidered that the particles 
of the fluid have a natural energy, whereby they unite themfelves as 
foon as the force that feparated them is removed, we may hence con-- 
clude that every particle has two motions, the one parallel, and the other 
perpendicular to the axis of the maft. If the maft were at an anchor, 
floating on the water, and a current fetting parallel to its axis, the fliock 
fuftained by the maft would be the fame as if the maft were in motion, 
(with a velocity equal to that of the current) and the current at reft. 
It feems probable, that the natural tendency the particles have to unite 
themfelves, will as it were grafp the maft, and retard its motion, when 
the fmall end is foremoft ; whereas, when the butt end is foremoft, and 
hath once opened a pafllage, the particles, by their union, will rather force 
it a^head, or at leaft prevent its going a-ftern ; and experience feems to 
favour thefe principles j otherwife a ftiip would go fafteft ftern foremoft. 
M. Bouguer tells us, the reafon for making fliips fuller before than abaft, 
is, not to make them go with greater velocity through the watery for, 
he fays, that would have a quite contrary efit:^, but to make themi 
fteer well. 

Since capacity is an cflfential quality, the immerged part muft be of 
fuch a form as to be able to fuftain the whole weight of the fliip com- 
pleatly rigged, with guns, ammunition, provifions, ftores, &c. The . 
weight of all fliips of war, of every rate; is now pretty well known ; fo 
that we may find, by calculation, if the load-water line be properly, 
placed : But this is not all that is to be confidered ; great regard muft be 
had to the velocity, ftability, property of fteering well, carrying fail, 
and many other neceflary and fecmingly oppofite qualities. How to at- 
tain all thefe qualities has been attempted by feveral eminent mathemati- 
i:iai:is and builderf, wjio^ inftead of determining any particular form, 

have 
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huve produced as many different, and fecmirtgly diredly contrary rules,' 
as there are different complexions and ftatures among the projectors. 

,The mathematicians have given certain rules for finding the center of 
gravity,' both of the (hip when properly loaded, and alfo the center of 
gravity of the column of water (he difplaces, M. Bouguer likewife gives 
diredtions how to flow the goods, fo that the center of gravity may be 
properly placed with refpeft to the metacenter and the center of gravity 
of the column of difplaced water j which laft cannot be altered after the 
fhip is built. It is on the proper fituation of thefe that the ftability of 
the (hip depends. As to velocity, they have given us rules for calculating 
the refiftance of the fluid on the fore part of the fliip : but unlefs it can 
be proved that the velocities are always proportional to the refiftanccs, it 
feems we (hall gain little by this-; as there is no account taken of the 
after body, and in the calculations they fuppofe the (hip to be upright, 
and failing in the dire<5tion of the keel.j whereas a'^(hip often lays her 
fcuppers in the water, when clofe hauled on a wind, and fometimes 
makes two or three points lee way, feldom lefs than one; and yet fome 
(hips in fmooth water will then fail within two or three knots as faft as 
when going large. We may venture ' to a(l€rt, there will be no propor- 
tion betwixt the velocities, and refiftances in thefe two cafes j for in the 
firft all the particles that ftrike the fore part toofe their power as foon as 
they pafs the midfliip frame ; afterwards, according to his principles, 
they occalion no reliftance ; whereas, ih the fecond, every particle has 
its full force, ading on the whole length of the (ide, and the area of the 
fedion, which in this la(l cafe would receive the perpendicular (liock, 
would be almoft double that of the midfliip frame ; add to all this that 
there is room to fufpedl thefe rules of being deduced from wrong prin- 
ciples, as was before obferved. But admitting all this, and that the velo- 
cities may be calculated, after the fliip is built, and found even by ex- 
perience to be proportionate to the reliftances, what will that avail us, if 
we have no inftrudlions how to form the body fo, as to be capable of the 
greatcft velocity, in all pofitions, confiftent with the requi(ite capacity, 
ftability, &c ? There are other very material points to be confidered, 
fuch as the center of rotation, or the axis on wliich the (hip turns when 
ihe inclines to one (ide, when (he tacks or pitches ; thefe are continually 
Shifting, as is the point of fuftentation or fufpen(ion. 

In all branches of the mathematical fciences, there are certain theo- 
rems demonftrated, from whence the pradlical rules for the folution of 
various problems are deduced, in which there ^re always fome neceilary. 
^a given^ by which the unknown things may be difcovercd. 

It 
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It is to bo wiOied we could proceed in the fame manner, and with the 
(ame certainty, in {hip*building ; but I do not find that any who have 
treated that fubjedt have given us any invariable rules for fettling thefe 
points ; and indeed, confidering the infinite number of properties, and in 
fome cafes fo oppofite to one another, that if any of them be purfued to 
too great a degree, it will deftroy another very eflential quality. I fay 
confiderihg all thefe things, it will be a very difiicult tafk, if not impofii^ 
ble, to unite them all in one body ; add to this that the different feas» 
and different fervices in which they are to be employed, will require as 
different forms ; Co that theory alone, without actual experioient, feems 
infufficient to reduce this complicated art to a regular fyftem« I (hall juf^ 
mention fome of the neceflary data. 

ift. The whole weight of the (hip compleatly rigged and boarded. 

This is generally given, both in (hips of war, and in thofe for the 
merchant fervice, oeing what is generally underftood by tuns ; that is» 
builder's tuns; but the true tunnage of moft (hips of war is now pretty 
well known, as the number and weight of the guns, provifions^ &c. of 
each rate is eftablifhed. 

2d. The length of the gun deck. 

This in {hip§ of war may be nearly determined by the number of guns* 

3d. The breadth. 

If the fcdion of the load-water line were a regular curve, the length 
would determine this, and its area might be calculated ; and converting 
the whole weight into cubick feet of fait water, and dividing thofe by 
the area of the load-water line, we fhould have the depth or draught of 
water 9 that is, fuppoflng the form of the body to be that of a bathing 
tub, which perhaps would be very proper for carrying goods in a canal, 
where it might be dragged by horfes; but as (hips are to encounter high 
feas, and fuftain the violence of ftorms of wind, it is plain they will 
require a quite different form. 

4th. The depth of the hold, and draught of the water fore and aft. 

5th. The extreme breadth of three fedlions at right angles to the keel, 
and perpendicular to the plain of flotatioa ; and likewife the extreme 
heights of thefe breadths, together with the breadths and heights of 
the top-timbers of thefe feftions 3 one of fhem to be near the middle^ 
another at the after end of the keel, and the third at the beak head. 

6th. The rake of the poft and flem. 

7th. The fituation and exad form of the midfhip frame and likewife 
t>f the other two vertical feftibns j and if to thefe three we add the other 
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two which M. Duhamel calls the balance frames we may fafeiy (ay tlie 
whole form of the (hip is determined. 

The great difficulty will be to obtain thefe data. M. Bouguer^ and 
after him M. Dubamel^ hath purfued this fubje^t as far as the nature of 
theory is capable ^ from whence they have deduced feveral ufeful prac- 
tical inferences, but have ftill left thefe points undetermined, and at lafl 
refer us to the general practice of the moil experienced builders. So that 
what improvements have been hitherto made feem chiefly owing to ex- 
perience ; and fome think it highly probable that the form which comes 
neareft nature, fuch as that of the fwifteft fiflies, will beft anfwer the 
purpofes of (hipping. But here we (hall find ourfelves very much em- 
barraiTed ; for fifties are wholly immerged, and the force that moves them 
is wholly in their own power, and they are in no danger of being drove 
out of their intended courfe by an external force, the author of nature 
having fiirni(hed them with every thing that is neceflary, either for pur- 
fuing their prey in a dired courfe, or turning themfelves as occafion re- 
quires \ whereas in a (hip, it is quite otherwife, as (he is entirely fubjedt 
to an external force, and governed by the helm ; and therefore her form 
muft be fuch as may be moft capable of receiving thefe impreffions, and 
what nature has denied her, muit be fupplied by art. 

As all who have written on this fubjeft have left the(c points undeter- 
mined, I (hall not attempt it. I have in the appendix to the firft edition 
abridged the fubftance of what M. Duhamel has faid in his treatife, and 
in this Supplement fhall extradl fome of M. Bouguer*s fundamental prin- 
ciples, together with what M. Duhamel has advanced on the center of 
gravity in his fecond edition ; which I (hail endeavour to tranflate fo as to 
be mtelligible to thofe who do not underftand the French language, and, 
as occafion offers^ make fuch remarks of my own as I think nece(&ry. 
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EXTRACTS 

FROM 

M- B O U G U E R's Traite du Navire. 



MB O UG U E R divides his Treatife into three books, the firft 
of which contains a general idea of the conftrudtion of (hips, 
• and divers remarks on the common rules, in three feftions. 

In the firft feftion, u^hich he divides into twelve chapters, he defines 
the names of the different pieces that form a (hip, and their proportions, 
according to the pradtice of the moft eminent builders j and likewife de- 
fcribes the various methods ufed by them in forming the timbers. This 
takes up the firft nine chapters ; for which we refer to M. Duhamel^ 
who has given us the fubftance of what M* Bouguer has laid on thofe 
heads, as tranflated in the Appendix. 

In the loth and nth chapters, M. Bouguer makes fome remarks on 
the form which the common rules gives to a (hip, and by what methods 
they may be amended. 

It would be needlefs, fays he, to give any further account of the 
feveral methods ufed by builders to form the figure of their fhips, and 
projeA the frames j but it feems that all thefe prove, beyond difpute, 
that they have not yet found out a fixed rule. The only reafon why 
they have ufed fo many different methods, is, becaufe they could not 
find the beft. It would have tended much more to the advantage of 
their art, if they had in praftice kept by one general rule, and only 
changed fome particular circumftances, carefully remarking the refult of 
jhch a change. 

Experience would have proved the beft means of bringing naval ar- 
^hitedlure to perfedion, if the thing had been pofHble ; but it is plain, 
that pradlice alone is infufficient in many cafes ; for, though fome points 
may be determined thereby, yet, with refpeiSl to many others, it ftands 
in need of theory. As nothing but a fincere defire of finding the truth, 
has engaged us in thefe refearches, we fhall not fail to take proper notice 
of what is good in the common rules, and (hall fupport them by all the 
arguments that may occur to us. I imagine the midlhip frame might 
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t>c carried fiirlhcr ferward, andplaced, not at tt of the keel, but at tt of 
the length of the imraerged part, or even a little nearer the head. Thus 
it would always be nearer the fore part than the after part j the fore part 
would be fuller than the after part, and the immerged part would have 
more of the form of a fifli. 

It is well known, that the extreme breadth of every frame is higher 
abaft and afore than in the midfhips, but more on the aft part, which will ' 
make the (hip draw more water abaft than afore, about one fixth part of 
the depth of the hold. As the fore part cannot fo readily divide the 
water, when the keel is perfectly level, as when it i* inclined to the ftern,. 
it being uncertain what property to afcrihe to it, the moft eligible me— 
tliod would, doubtlefs, be to try the refult at fea, and make choice of 
what experience indicates. 

Seamen, no doubt,, tried to find* her beft failing trim when at feaj and^ 
having frequently remarked, that it was neceflary to make her. draw more 
water abaft than before, they eftabliflied it as a law, by oBfcrving it;, 
whereby we (hzll at leaft gain this advantage, that the fliip will anfwer 
her helm better. This will occafion the decks not to lie parallel to tha 
keel i for, admitting they may be of the fame height afore,, that they 
are in midffiips, they are raifed confiderably higher at the port, about: 
the fixth part of the depth of the hold. 

Now, taking what we have faid for granted, the builderg, after all, 
their trials, are very far fi-om having found out the true figure of the 
bow, from whence almoA the whole of the round (bould be taken 
away- 

The decks being fixed will determine the height of the beams ; fo 
the decks will be no where fo high as the extreme breadth of the frames,, 
but in midfhips. There is another important reafon for raifing the 
breadth higher afore than abaft, though few attend to it. When a fliip 
is clofe hauled by the wind, and lays much over the weather fide, it will, 
lofe much of the breadth ; whereas, on the contrary, the lee fide will 
gain confider^bly. The (hip then difplaces a great deal more water on 
the lee fide, and, according to the manner in which fluids aft, fliould be 
fupportcd with greater force,, and of confequence be able . to carry the 
greater fail. Hence it is plain, that, by raifing the breadths, we keep 
them as a referve, to be ufed when the fhip fliands moft in need of re- 
lief; that is, when (lie lays moft over. It may be remarked, that the flat 
floored (hips have leaft need of raifing the breadths ,• for, carrying all the 
weight of their cargo folow, they are thereby capable of carrying a great 
deal of fail. Though we cannot abfolutely condemn the pradice of 
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TOtaking a (hip drtw more water abaft than afore, yet wc cannot approve of 
any of the rules that the builders have given us to determine the exaft dif- 
ference. A (hip may be built to a precife draught of water, by which 
the conftrudion will be founded on true principles 5 but when a (hip is 
not built to one precife draught more than another, whi<:h is the cafe of 
moft of the (hips that have hitherto been built, it will be very difficult, 
and one of the moft complex qucftioos in naval architcdure to deter- 
mine this precife point : One w ould imagine there is no more to be done 
but to make the fliip fwim in the water, fo as to be capable of carrying 
the greateft fail ; but when a (hip is very deep in the water, this will 
greatly increafe the refiftance, and of confequence be very prejudicial to 
her failing. We need not abfolutcly find that part which will meet with 
Icaft re(iftance : When a (hip has but little hold in the water, (he can 
carry but little fail, aiid therefore cannot gp fo ^sUl through the water« 
The refiftance then muft be calculated, not abfolutely, but relatively, in 
proportion to the canva(s (he fpreads. This will be a n:K>ft laborious 
and tedious calculation, as not only the various and irregular curves which 
compofe the body muft be nicely examined, to afcertain the re(iftance in 
different draughts of water, but likewife the weights of every part in the 
ihip, and in what manner they are ftowed ; all thefe muft be given )fc^ 
fore we can determine, in every cafe, the power that will be fufficient 
to fuftain the force of the wind ; on which account, it will be proper to 
advife the mariners to make frequent experiments of the (hip's feat in 
the water ; for the folution of this problem is only an approximation, 
even when the minuteft circumftances are con(idered. It is true, fome 
builders, who would not be ftopt by any difficulties, even fuch as puzzle 
the greateft mathematicians, have imagined they could find out this by 
another method. Many of them pretend to examine the difference of the 
draught of water when the (hip is launched, and would have it to be the 
fame when the (hip is loaded ; our readers cannot but pity us, to be ob- 
liged ferioufly to confute thefe and fuch parallel maxims. If a (hip fails 
beft when loaded to the propofed load-water line, (he cannot fail fo faft 
when (he draws only one half, or one third part of it : So there can be 
no manner of proportion between a (hip's draught of water, when 
launched and when loaded : And this method propofed fo myfterioufly 
to us by the gens du metier^ and received with too much refpeft by many 
^nariners, ferves only to confirm us in our opinion, that very little regard 
ihould be had to all their other rules. 

But if thefe common maxims are found fo imperfed:, it muft be ow- 
ing chiefly to the figure they give their (hips ; for it is impoffible to 
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diicover, by pradice atone, and by ex'periments, though never fo often 
repeated, all the properties of an entire furface, which is an aflcmblage 
of an infinite number of curve lines and points. There can then be no 
manner of doubt but it is in this very article the art ftands moft in need 
of amendment. In general, the fore part is too full, and on that account 
the ribbands that form it are too round. The mariners are very fenfiblc 
that part ihould not be too Iharp, but they have not adverted that it will 
be fufficient for that purpofe to carry the nvidftiip frame further forward. 
It may be, that, confidering all thefe particulars, we cannot always ri- 
goroufly follow the fw^cepts of theory, but it will at leaft be of great 
advantage to know them, that we may have the point of perfeftion al- 
ways in view, even when we cannot arrive at it, but are obliged to ftop 
Ooprt of it. 

If the floor ribbands wer« formed only by narrowing the breadths of 
the frames, without any rifing, and terminating the fore part at the ex- 
tremity of the keel, this would occafion the ribbands to be perfect ftrait 
lines J by this means, the foremoft frame would be a redangle, and the 
bow formed by two vertical planes interfedring one another in a vertical 
ridge at the extremity of the fore part, where they would form an acute 
angle. Fig. i, reprefents fuch a bow, wherein the ribbands C A, F D| 
cannot fail of being ftrait lines. 

But if we give a rifing to the frames, and'cat off the bow by the fore 
part of the keel,, as in Fig. 2, the ridge A D, or common fedion of the two 
vertical planes, would run fo far below it, as is DF, the whole quantity 
of the rifing, and fo the bow could not be formed by plain furlaces ; the 
ribbands would become curves, and the more fo, by raifing the point I>, 
or augmenting the rifing DP: At the fame time that the figure would be 
more advantageous, it would approach the nearer to a maximum maxi-^ 
morum^ in which refides thehigheft point of perfedion. In fuch a cafe, 
the fore part would be the figure of a regular demi-conoid 3 its bafc^ in- 
ftead of being circular,, would be a redangle. 

But what is principally worthy of our notice, is, that, according to the 
common dimcnfions of (hips^ it always happens, that when the rifing is 
the greateft poffible, and that all the vertical ridges at. the extremity are 
vaniflicd, and the fore part has by that means acquired the moft advan- 
tageous figure of any, the ribbands alfo, having acquired their greateft 
curvings, will round no more than the arch of a. circle of 1 8 or 20 de-^ 
grees ; or, which is the fame thing, they differ fo. little from a ftrait line^ 
that the round in the middle is but the twentieth, or the two and twen- 
tieth part of thq whole length. Now, taking all this for granted ; th^ 
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BniWersf, after all their trials, are very far from having found out the true: 
figure of the bow, which they have been obliged to make almoft ftrait ;; 
fo far they are- from knowing that rule, which would be fo very ufeful 
to them, and which they may regard as the fecret of their art; namely^ 
that the lefs the rifing FD {Fig. 2.) is, or the lower they carry it on the 
frames afore, fo miich the flraiter will they nuke alt the ribbands 
CA, ED, &c. 

What w-e have advanced here depends on a very complicated theory > 
one maybe very eafily deceived, feeing the two points which limit the 
curve are fo very near one another, that they will make the ribbands quite 
ftrait, as in Fig. i, or give them fcarce the round of an arch of a circle 
of 18 or 20 degrees, a&in Fig. 2 -, they will acquire this laft by increafing 
the height of the rifing line afore ; whereas, by diminiftiing the rifing, 
the ribbands will come nearly ftrait. We may, by a diligent attention to 
this, fingle maxim^ without adhering ftridlly to fpeculative rules, reap 
the fruit of the whole ; we may keep the form of the midlliip frame^. 
but we ftiail gain much by making the extreme breadth no more than 
the fifth ©riixth part of the length, if at the fame time we diminifli the 
depth proportionally. This we ftiall clearly demonftrate, in another 
place, and likewife this moft furprifing circumftance, that by diminiftiing 
thefe two dimenfions, or by increafing the length, a ftiip may be made ta^ 
go fonre times as faft as the wind. 

Let us now again return to the ribbands, which may be equally fpaced 
en the ftem, and likewife* on the midfliip frame, from the head of the 
floor : It will fuffice to make them round no more than the twenty-fifth 
or thirtieth part of their whole length, whether we make them arches of 
circles, or ell ip fes, and then there is nothing to hinder them from being, 
formed in the fame manner they ufe to make a fair curve. 

By this means it will be cafy to give the bow nearly what figure we: 
pleafe. After having formed the midftiip frame A D*2 A, Fig. 3, and pro* 
jedled the ribbands AW,. G Z, &c. take the length of one of thefe, for 
inftance, if WA, the breadth ribband, make the ftrait line W'A(F/^. 4.) 
equal thereto, and at the end of it W, draw the perpendicular Wv;, 
which may be made equal to. W A, aa the point v may be afllimed at 
pleafure, and draw the line t; A, on the middle of which ered: the per- 
pendicular B C, which mwft be the 25th or 30th part of the line v A, 
when that happens to be the length of the ribband, but when it is (horter^, 
as in this cafe, where it is only the projedion of it, B C muft be the i oth 
or 1 2th part of it. Then defcribe an arch of a circle thro' the three 
poiuts A, C, 1; 3 and dividing the line W ^u into as many equal parts as. 
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there are toT^e frames before the midfhip ;• draw lines thro* the feveral 
divifions D, E, G, &c. parallel to W A, to interfeft the arch v A. Thcfc 
transferred to the line W A, will fpace the frames properly upon the rib- 
band projeded in Fig. 3, and will became an arch of an cUipfis^ which 
will have but a very Tmall curving ; after the fame manner the other rib- 
bands maybe divided; it muft only be obferved that by reafon of the rake 
of the Acm the breadth ribband will be longer than the reft; their lengths 
muft not be reprefented by the line W v but by a ftiorter R Q,. In order 
to afcertain this length, fuppofe of the firft intermediate ribband of which 
S F is the projedtion, in Fig, 3 ; if it happens that R A is equal to S F 
at is only transferring the lines R i, R 2, R 3, &c. to the projedion of the 
jibband, which will give the proper fpacings of the frames, but in ge-* 
jieral produce the line v W, and from any point K, taken at pleafure, dravr 
ilrait lines to the points i, 2, 3, &c. thefc lines will divide the line S F 
proportionally to R A j and by this method we may form as many frames 
as we pleafe. Inftead of erecting the perpendicular on the middle of 
the line v A, Fig. 4, we may have it at the third part of it, making 
A B double of B;^; the curve AC -u muft then be formed by two arches 
of different circles whofe centers muft be in the line C B produced, by 
uiingthe fameprocefs; in all other circumftances we (hall imitate thsA 
curve which is propereft for dividing a fluid. 

The after part may be formed by much the fame method; the rib- 
bands (hould be almoft ftrait, not rounding in the middle above the 25th 
or 30th part of their whole length ; thus the whole (hip will be nearly 
the form of two demi- cones, as in Fig. 5, whofe bafcs unite at the mid- 
(hip frame, which feparates the fore from the after part, and fhould be 
placed as was before obferved, at A of the whole length from the point 
B, the extremity of the fore part, whereas the general practice is to pre- 
ferve tlie whole body, or a confiderable fpace, nearly of the fame bulk, and 
^t the lame time it will be as i&ftened to the keel. Although the part 
A F G, which extends at fach a diftance beyond the keel, may appear to 
be ufelefs, yet it cinnot be wholly retrenched, becaufe of neceffity the 
rudder muft be faftened to the ftern poft G A. As to the part B C F, it 
might ia a great meafure be taken away, if it could be done without 
prejudice to the faftening of the members together, which is fo requifite 
in forming the body, and were there not another very important reafon 
for not retrenching it, and that is becaufe this will conduce very much to 
her keeping a good wind, when plying to windward : It is true it will be a 
gr^at diiadvantage to her ia wearing, and make her very fubje<!:jk to broach 
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ft>o, but to remedy this we need only give her - the more head fail, Ib^ 
that we may without anv incoavcnien<:y unite all thefe advantages. 

It muft be remarked, that when fuch a (hip is formed fo as to fail on an: 
even keel, we (hall gam nothing by nwking her draw more water abaft, 
than afore, the rcfiftance which the fore part nieets with in dividing the 
fluid is leflencd very little, or fcarce perceptible; on the other hand, the 
rudder cannot fail of producing its effect, bccaufe the water will cafily^ 
flrike it with its whole force. When a (hip goes- on an even keel, there 
is nothing to hinder us from laying, the decks parallel to the keel,, it is 
likewife plain there will be no occafion for laying the wing tranfom fo' 
high, it will be fufficient to make it higher than^ the depth of the hold^. 
about the eight or ninth part of that depth. 

All that wc have faid belongs chiefly to frigates, that are built on pur- 
pofc for failing, without regarding their capacity for carrying heavy 
goods. But when this is required or when it is neceflary to have feveral 
decks, and to carry guns, &c. we then form the bow according to Fig. b. 
At the fame time we make the whole immerged part fuller, which will 
contribute much to prevent her pitching. Fig. 6 is only a flcetch to- 
teprefent things in general ; the builders no doubt can reconcile all the 
angles, and beaches, or ridges of this figure : If we give the bow as much 
rifing as pofllble, all the curves which end at the extremity A, will then, 
become arches of circles, of 1 8 or 20 degrees; but in diminilhing tho 
rifing, and making the ribband E I> horizontal, that will become quite 
ftrait ; the other ribbands as C M will likewife become fl:rait and parallels 
to the firft, for the whole fpace intercepted betwixt the planes B F E C, 
and N DM. But the rake of the ftem, together with the inclination of 
the fides of the foremofl: frame B F E C^ will occafion the upper ribbands- 
to be curves ; the fu'rface D M C E will be a plane, if the-fide EC o£ the: 
midfhip frame be a ftrait line ; whereas becaufe E C is commonly a curve 
h will become cylindric, and in every cafe DM will be perfeGIy equal 
to E C. When the flat E F of the midftiip frame is half the extreme- 
breadth, the half breadth L M, which is equal to H: C, will be half, of/ 
G C ; fo the breadth N M of the bow, above D, at the extremity of the: 
keel, will be equal to BC, half the extreme breadth.. It will bcncedlefs^ 
to infift on the manner ofdefcribing the frames ;.it is plain that each of 
them, as P R S T, will be formed by two parts perfeftly equal to thofe 
BF K, and H E C of the firft, but they approach to one another. The- 
diftance R S, at which they muft be placed, will be the flat of each floor 
or franie, and that flat will diminifti in proportion to the diftance fi'om D,, 
&c extremity of the kceK. In regard to the part A N M D, it may be. 
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formed by producing each ribband, as C M, by an arch of a circle 
A M C M, a ftrait part of the ribband being a tangent to it in the point 
M ; this will occafion the whole ribband C M A to be rounder, which 
will be more fo if we make the flat F E of the mid (hip frame lefs, 
fince H C becomes greater, and L M is equal to H C. This bow, 
whether we imitate it only in the principal particulars, or conform to the 
whole, win meet with" greater refiftance in pafTing thro' the water than 
that (hewn before : But the great breadths which are carried high, from 
B I C, the firft fedlion, to the height above the exremity of the keel, will 
at leaft make them more capable of fuftaining the weight of the fails. 
This form will make the lliip more capable of refitting the violent pitch- 
ings, occafioned by the feas ftriking one end of the fhip, which lifts it up, 
the other end at the fame time being plunged into the water, continues 
to fink till it is flopped by the refiftance of the water, or by the weight 
of that column of water it difplaces. Sometimes the fliip is not (hocked ; 
it is only the fea that loofes its horizontal pofition by the agitation of the 
furf or waves J the fea all of a fudden withdraws itfelf from the bow, 
or from the buttock, which of neceflity will occafion that part of the (hip 
to fall down till it find a fupport : Thefe violent motions may occafion 
the carrying away of the mafts, and will always be prejudicial to her fail- ' 
ing. It is plain there can be no way of preventing, or even diminifhing 
thefe accidents, but by making them fuller both afore and abaft ; we muft 
have recourfe to experience to form the (hip fuitable to the particular 
fervice (he is defigned for ; but it is always to be remembered, and it is 
demonftrable, that when we have only velocity in view, and are to fail 
in fmooth water, as in the Mediteranean^ with fine weather, the form of the 
fliip (hould differ very little from two cones joined together by their bafes. 
In (hort, if the (liip is not full enough for the purpofe, we may continue 
the whole breadth lor aconfiderable fpace j the fifth, fourth, or at moft 
the third part of the whole length, and then form the fore part by the 
preceding rules. It feems to me, that when we have got a fufficient ca- 
pacity in the hold, we (hould raife the floor ribbands afore ; otherwife, 
the bow would too much obftrufl: her failing. This laft property is chiefly 
tobeoblerved in (liips of war, where the breadth is continued ftrait but 
a fmall fpace. If, inftead of fuch a vefTel as is commonly built for a 
tranfport Ihip, we fliould build a fly-boat j we need only take for a mo- 
del the figure of a redangled parallclopiped, and form the fore and aft 
part by two inclined planes, giving the ftem and poft a rake. We muft 
be always careful to preferve the two parts reprefented by B C F, and 
FGA, F/^.5. ... 
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As to the rake, if the whole length of the fliip be 144, the rake of 
the ftem may be about 44, and when the breadth is continued for a good 
fpace it may be 32, and 68 for the rake of the ftem poft. That form of 
a fly-boat, where we need only round off the corners, will be the moft 
perfed of any ; and, befides, as a great part of the fide is ftrait, it will 
be thereby proper for carrying'guns, and fit for a (hip of war. 

In the twelfth chapter, which concludes the firfl ledlion, he fliews the 
manner of launching a ftiip. 

In the fecond fedtion, our author treats of the furniture of a (hip ; fuch 
as the rudder, capftan, and pumps, which takes up the firft two chapters. 
The third chapter is on the cables and anchors. 

The cables and anchors, fays he, are of indifpenfible ufe to hold a (hip 
when in a road-ftead, where (he is often expofed to all the fury of the 
wind and the fea. Every (hip has at leaft five or fix cables of different 
dimenfions ; and to regulate the largefi:, which is called the mafter cable ; 
they make its circumference the 24th part of the extreme breadth j or, 
which is the fame thing, one inch to every foot of the half breadth. 
Suppofc a fhip to be 48 feet extreme breadth, the mafter cable (hould be 
24 inches circumference 5 but if the (hip be 20 feet broad, the cable will 
be 10 inches ; and the dimenfions of the other cables will be lefs, and is 
always eftimated by their circumferences. In France^ the length of all 
cables, whether great or fmall, is 600 feet, or j 20 fathoms 5 for a fathom 
k always accounted five feet. 

It is necelTary to have the cables longer, on which account, they are 
obliged to fplice fcveral to one anothers ends -, but it will be very diffi- 
cult to make them longer in one piece ; the firft threads that form them 
are of double the length, and more: Thofe of a cable of 126 fathoms 
long are 180, fo that they loofe a third part of their length in twifting 
them in the manner they do, to make the cable. Thefe threads muft be 
in length and proportion to the propofed length of the cable, the exe- 
cution of which will be attended with difficulty. 

•One thing may be remarked, w^hich may fcrve in all the different 
forts ; that the weight of one fathom of cordage, in poimds, is nearly the 
fifth part of the fquare of its circumference. This rule will always be 
pretty exadt, efpecially, when there is not too much tar put in the yarns 5 
as for inftance, the weight of a fethom of cable of 24 inches, will be 
found, by multiplying 24 by 24, and dividing the produdt by 5, to be 
1 1 5^ pounds, and the whole cable, which is j 20 fathoms long, will 
weigh 13824 pounds. The weight of one fathom of a cable of lo 
inches will, by dus rule^ be 20 pounds ; for 20 is the fifth part of 100, 
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the fquare of lo ; and the weight of the whole cable of confequence will 
be 2400. The weight of a whole cable may be had at one operation, 
by multiplying the fquare of the circumference by 24, 

The cables would be ufelefs without the anchors, the fomi of them h 
to be feen in Fig- 7, which is the propercft figure for catching hold, in 
the fand, or in the mud, in the bottom of the fca. The anchors in 
France, England, and Holland, are of forged iron ; but in Spain they 
may be feen of copper, and like wife, in feveral parts of the South Sea. 

The part A D, is called the fhank, at the extremity of which there is 
^ ring E i A B and B C, are the two arms, K C and I B, the fleucks ^ 
the ftock F G, which is of wood, is fixed at the end of the fliank, at 
right angles to the fleucks ; the ufe of this is to make the anchor fall, fo 
that one of the fleucks will infallibly catch the ground. The two arms 
generally form the arch of a circle, of which the pomt H, is the center, 
being three eighths of the (hank from the point A ; and each arm is 
equal to three eighths of the (hank, or to the radius j fo that the two arms 
together make an arch of 120 degrees : The fleucks are half the length 
of the arms, and their breadths two fifths of the length of the arms. In 
regard to the thickncfs they generally make the circumference at the 
throat A of the (hank, about the fifth part of its length, and the fmall 
end two thirds of the throat ; the fmall end of the arms of the fleucks, 
three fourths of the circamiferencc of the fhank at the throat. Thefe 
dimenfions fhould be bigger, when the iron is of a bad quality, efpecially 
when we ufe caft, inftead of forged iron. 

When thefe dimenfions are obferved, an anchor of 16 feet 9 inches 
long, will weigh about 7000 pounds ; for the workman making feme 
of thefe parts not exa<ftly to the dimenfions, will caufe a confider- 
able difference in the weight : But if all anchors were fimilar, which they 
fhould be, their weights would be in proportion to the cubes of their 
flianks. There is a ready way to find the weight of any anchor, which 
is to take the length of the fhank in inches, and divide the cube of that 
by 1 160. Suppofc the (hank 10 feet long, or 120 inches ; we are only 
to divide 1728000, the cube of 120 by 1160, the quotient 1545 will 
be the weight of that anchor in pounds : But if the weight were given, 
and the length required^ we mufl multiply the weight by 1 1 60, and the 
cube root of the produft will be the required length in inches. 

As our author has given us no reafon, why we muft 'take 1 160 for 
a conftant divifor, or multiplier ; I fhall here endeavour to demonflrate 
it : But, firft obferve, that if the length of the fhank of any anchor be 
given, and its we^ht, we may thQU find the weight of i#>y other anchor, 
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whofc length is given ; and, confequcntly, if the weight be given, v;^e 
may, by the revcrfe, find the length, fince all fimilar folids are in propor- 
tion to the cubes of the fimilar fides. Now M^ Bouguer has given us 
this 5 for he tells us an anchor of 16 feet 9 inches, that is, 201 inches, 
weighs 7000 pounds. Hence, we h^ve the following general rule : 
Let a =1 201 inches, the given length j e = 7000 the given weight, 

/J ^ 
/ = any other length ; 'i^ = the required weight, then a^ \e\i l^ i r-j^, 

we (hall illuftratc this by the logarithnas. The queftion he propofes j is, 
admit the length of the (hank 10 feet, what is the weight of the anchor? 
The firft thing is to find the logarithms of the lengths, and, moltiply- 
ing that by 3, we have the logarithms of the cubes of the lengths. 

a = 201 2.303196 X 3 is 6.909588 
/ = i2o 2.079181 X 3 is 6.237543 

Having thus found the logarithms of the lengths, we have the folu- 
tion by the rule of three, by the logarithms. 

As 201 3 6.909588 

Is to 7000 3-845098 

So is 120' 6.2 g 7543 

AO.082641 

To 1489 3-173053 

Now as the logarithms of the firft and fecond terms arc conftant num- 
bers, inftead of adding the firft and fecond terms, and, 'from the fum, 
fubtrading the firft 5 we may fubtraCl the difference of the firft and fe- 
cond terms, which will likewife be a conftant number, and the refult 
will be the lame, as by the fbllowing operation. 

The'firft.tcrm 6.909588 the third term 6.237543 

the fecond 3.8450^8 diflfercnce 3.064490 

difference 3.064490 the fourth term 3. 1 73053 

The reafon of this is very plain,for thefum of the fecond and third terms 
is .082641, now out of this we are to fubtraft the firft term 6.909588 ; 
which may be done, by firft fubtradting 3.845098; and again, fubtradl 
firom that remainder, 3.064490 : Since thefe two numbers make 
6.909588 the firft term, which is the whole number to be fubtnwft- 
cd ; and if we do not add the fecond term to the third, we have only the 
third term left, which is 6.237543; and if from this, we fubtraft the 
conftant differ^e 3 .€64490, we in effed fubtrad 6,909588, from 
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10.082641, fo the refult muft be the fame, as by the common rule, and 
this accounts for making 11 60 a conftant number: For 3.064490, is 
the logarithm of 1 160 5 which, by an error in the prefs, is in the ori- 
ginal 3.o64458o, 

We may by the fame principles, make a general rule for finding the 
weight of any fliot, who(e diameter is given 5 but we muft firft find the 
weight of one (hot by a pair of fcales. A (hot of four inches diameter, 
is fuppofcd to weigh nine pounds > therefore, as the cube of 4 is to 9, fo 
is the cube of the diameter of any other (hot to its weight. 

The cube of 4 is 64;. its logarithm is i. 8061 80; the logarithm of 
^ is 0.954242 ; their difference is 0.851938. Hence, we have the fol- 
lowing general rule. From the logarithm of the cube of the diameter, 
fubtrad the conftant logarithm 0.851938, the remainder will be the 
logarithm of the weight. 

Example. Let the diameter be 8 inches ; required the weight I 

8 0.903090 

3 

cube 2.709270 

conftant log. o.R5i9;^g 

required weight 72 x. ^57332 

This rule may be applied to gauging of fimilar veflels, or finding the 
weight of fimilar folids, which will always be in proportion to the cubes 
of their diameters, or lengths, or any other fimilar dimenfions. 

But if the Iblids be of equal lengths, and differ only in their bafes, as 
is the cafe of cables > their weights will be in proportion to the areas of 
their bafes, or, which is the fame thing, to the fquares of their circum- 
ferences ; as, for inftance^ if a ten inch cable weigh 20 hundred weight % 
what will a cable of 5 inches weigh ? 

As 100 the fquare of 10 7:. 

Is to 25 the fquare of 5 1.397940 

So is 20 hund. wt. 1. 1^01030 

To 5 hund. wt. the required wt. 0.698970 

It is upon this principle the rope table is conftru£ted> which is on 
fome pocket rules. 

To return to our author : Thefe operations, fays he, may be done 
with greater eafe by the logarithms, only taking three times, the loga- 
rithm of the length of the flianik in inches, and from thence, fubtradling 
the conftant logarithm of 11 60, which is 3.0644580, the remainder 
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will be the logarithm of the weight of the anchor in pounds 5 but if, an 
the other hand, the weight be given in pounds, we need only add the 
logarithm of the weight to the conftant number 3.0644580; and, di- 
viding this fum by 3, we fhall have tlie logarithm of the required length. 

The fmalleft ftiips have five or fix anchors, and the greateft generally 
eight. The mariners have different rules for determining the weight of 
the anchors; and, on account of the conveniency of working the fhip,. 
they have eftabliflied it as a rule, that the biggeft anchor, or, in their 
terms, the mafter anchor, (hould be three eighths of the beam. 

Another rule, but which does not agree with the firft, as we fhall pre- 
fently ihcw, is to n>ake it weigh half rhe cable ; fo a firft rate, which is^ 
48 feet broad, and whafe cable is 24 inches cireurtiference, weighs 
I38i24; her mafter anchor fliould weigh 6912 pounds, and the other 
anchors fliould be half the weight of their refpe(Sive cables. The fmalleft 
anchor is the cadge, or ftream-anchor ; in (hips of the firft clafs it fliould 
weigh 2300 pounds, and the length be about irfeet 7 inches. When: 
the length of the anchors is three eighths of the beam, as in large fhips, 
the weight of the anchor will be in proportion to the folidity of the (hips, 
fuppofing them to be fimilar ; and, if the (hip be twice as broad, the an- 
chor will be eight times more weight ; but, according to the fecond rule, 
the weight of the anchor fliould be half the weight of the cable, and 
the weight of the cable is in proportion to 'the fquare of the breadth ; 
fince it is only the circumference of the cables that differ in great and 
fmall (hips, the length being always 120 fathoms in all fliips. When the 
fliip is doubk the breadth, the weight of the cable will then be four 
times more ; and of confequence the weight of the anchor, which is in* 
proportion .to that of the cable, will be half the weight it would be by 
the firft rule ; that is, in proportion to the beam. 

Although the fecond rule makes the anchors a great deal lighter, yet 
' we may conform to it, becaufe that will be fufficient when it £ills in good 
ground ; but when the ground is foft and ouzie, "the mariners make u(e 
of fevcral expedients to fuccour the anchor; but the beft of all is, and 
which is chiefly pra6lifed, to fplice feveral cables at one another's end ; 
fo they will rub on the ground, on account of their weight ; and by this 
means, the eflFort of the (hip, on the anchor, will be dimini(hed. 

A flbip feldom anchors in above 40 fathoms depth, and then it. will be. 
very proper to have two cables at one another's ends ; for, if there is but 
one, the lower part of it will fcarce bear on the ground, and the anchor 
will be obliged to fuftain all the (hocks and jerks of the (hip, which will 
come quite home to the anchor ; it will not pull it quite out of the: 
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ground, but drag It, in the fea term ; fo the (hip will drive,^ aod be Id 
danger of being loft on the firft rocks. Ftg. 8, makes this very plain j 
A D is the anchor, at the bottom of the lea ; D M N is the cable, by 
which the (hip rides, of which we have here only reprefentcd the bow 5 
N the haufe-hole, thro' which the cable paffes, between. the two lower 
decks 5 The rope A B, fattened to the crofs, or throat of the fliank, is 
called the buoy-rope, which fometiroes ferves to weigh the anchor ; this, 
in the fea term, is called, weighing it by the hour ; 5 is the buoy^ which 
ferves to know where the anchor lies. It is very plain, that, if the length 
of the cable be doubled, or trippled, the anchor will be dragged hori- 
zontally, and with a great deal Icfs force ; for its e^ort will be dimini(hed 
by the whole power of the fridlion of the part D M on the ground. 

A fecond advantage is, that by having feveral cables at one another's 
ends, they will be lefs Jiable to breaking 5 for all the parts, lying mcdre 
upon a level, they will oppofe the fhocks of the fea in a more perpendi^ 
cular diredion to the motions which the fhip receives ; whereas, when 
the cable is not fo long, it will be nearly vertical to the anchor, and th^e* 
fore cannot bear fuch a ftrain: Let the fpace LO reprefeot the force 
with which the fhip endeavours to recoil ; and having compleated the 
reftangle L O P Q, LP, the part of the cable which is the diagonal, 
reprefents the effort which the cable ihould fuflain, which is greater than 
O L ; and the more it approaches to be vertical, the more it is augment** 
ed, though O L continues the fame. > 

It is plain, then, that a fhorter cable is charged with a greater effort,' 
and fhould therefore be flronger, otherwife it will only bear the fame 
Arain in the proper diredion, and will not be fufficient, in an horizontal 
diredlion, which is that in which the fhip endeavours to drive : It is true, 
the horizontal effort O L is all that is to be refifted ; but then the caUe, 
being inclined, cannot refift this, without being furnifhed with a force 
fufficient to fuflain the whole effort P L. 

The long cable will not be fo apt to break as the fhort one, becaufe it 
will bear a great deal more ftretching, before it comes to the greateft 
Arain ; fo that, at the firfl violent tugg, becaufe it will not bear flretching, 
it muft infallibly break, 

A long cable rnay be compared to a fort of fpring, which may be 
very eafily extended ; ahd recovers its firft fituation, as foon as the force 
that extended it is removed. Befides all this, a fhip will ride much 
imoother with a long cable than with a fhort one, and be lefs apt to 
plunge ip the water ^ whereas^ as the mariners have too often experienced, 
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when a fiiiprMcs with a (hort cable, ihe frequently pitches all the fore 
part under water. 

The fourth chapter is on the power and afiion of oars j and, in the 
fifth chapter, he gives the following proportions for mafts and yards. 

All fliips have generally four (landing mafts j the firft is the main-maft, 
which ftands in the middle of the fhip : The fccond is the fore-maft, 
which is pretty near the fore end of the keel ; this is nearly as long as 
tlie main-maft : The third is the bowfprit, which, inftcad of ftanding 
upright, ftivcs forward, and refts on the head of the ftcm : The fourth is 
the mizcn-maft j but fome fmall ftips have not this maft -, it ftands abaft, 
towards the poop. Befides thefe, the main and fore mafts have top and 
top-gallant mafts, and the mizen-mafta topmaft. All thefe mafts have 
their particular fails, and are named according to their rcfpe6live*mafts. 

The main-maft is placed in the middle of the'ft^ip, meafured from the 
head of the ftem to that of the poft, or its whole diameter abaft the mid- 
dle of the ftiip ; All the builders agree in this, but they differ widely as 
to the reft i fome place the fore-maft precifely at the fore end of the 
keel ; others again take the 40th or 50th part of the whole' length, from, 
the ftern> for its place ; and fome will have it ftand on the ftem. The 
bowfprit generally ftives, fo as to make au angle of 35 degrees with an 
horizontal line. Laftly, the mrzen-maft is about three fixteenths of the 
length of the whole fliip, before the head of the ftern poft : If the ftiip 
be 160 feet long, the mizen-maft is 30 feet before the ftern poft. 

In France^ the main-maft is generally, in length, twice the breadth and 
half the breadth of the ftiip 5 whereas, the Englijh make it only twice 
the breadth and two fifth parts of the breadth ; fo, fuppofing the ftiip to 
be 40 feet broad, the French builders would make the main-maft 100 feet 
long, whereas the Englijh make it only 96. 

The Dutch make their mafts fomcwhat longer than ours, though they 
agree with all other nations in regulating the lengths of their mafts by 
the breadth of the fliip. The head of the maft is always the tenth part of 
the length of the maft. 

The diameter of the main-maft, at the partners, is as many inches as 
three fourths of the extreme breadth is feet; fo, if the extreme breadth 
be 40 feet, the main-maft will be 100, and the diameter, at the partners, 
30 feet, that being three fourths of 40 ; or, which is the fame thing, the 
40th part of the whole length of a fliip fuppofed to be 160 feet : The 
diameter at the head is generally allowed to be two thirds of that at the 
partners, which will make it 20 inches. 

1 muft own, fays our author, it is with violence to myfelf that I 

am 



Digitized by 



Google 



( H ) 
ani obliged to give a detail of all thefe rules, which have not the Icaft 
foundation in reafon, and are^proper only to be confuted. 

The fore-raafl is in length twice the breadth and one quarter more j and 
its diameter, as well as that of the other lower mails, is about the 39t}x 
part of the whole length ; others make it nine tenths of the length of 
the main-maft. 

The length of the bowfprit, is the breadth and half breadth of thfe 
(hip, and its diameter the twenty-feventh part of its length ; fo if a fhip 
be 40 feet broad, the bowfprit will be 60 feet long, and 264. inches dia-. 
meter at the bed, and at the cape it will be half what it is at the bed. 

Laftly, the mizen-maft is, in length, the breadth and three quarters of 
the breadth of the (liip j and its diameter, at the partners, as many inches 
as feven iixteenth parts of the main breadth is feet, or rather, the forty-, 
eighth part of its length; 

Proportions for Top-majls. 

The malntop-maft, in length, is the breadth and half breadth of the 
fliip, which makes it equal to the bowfprit ; the diameter at the cape is 
about the forty-third part of its length. 

The foretop-maft, in length, the breadth and three eights of the breadth; 
the diameter, at the cape, the forty-third part of the length. 

The mizen-top.maft is half the length of the main top-maft; and its 
diameter, at die cape, half the diameter of the main-top-maft. 

The main topgallant-maft is five twelfths of the length of the main- 
top-maft 5 and it is half the diameter. 

The fore top-gallant-maft is four fevenths of the length of the fore- 
top -maft. 

The fpritfail topmaft is, in length, two fifths of the main breadth; and 
its diameter generally as many inches as there are feet in feven thirty-fix 
parts of the breadth 5 that is, fomewhat lefs than the twenty-fifth part 
of the whole length. 

Proportions for Tards. 

The main-yard, in length, is twice and one fixth part of the main 
breadth; the diameter, at the flings, one inch to every foot in two thirds 
of the main breadth ; or, which is the fame thing, the thirty-ninth part 
of the whole length : The yards are of a quite diiferent figure from the 
mafts; they taper from the flingsj towards the yard-arms ; the diameter, 
at the end, is one third of that at the flings. 

The main-top-fail yard, in length, is the main breadth and .quarter of 
the breadth ^ the diameter,^ at the flings, half that of the main yard. 
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The main-top-gallant yard, in length, is three quarters of the main 
breadth ; and the diameter, at the flings, half of that of the main top- 
fail yard. 

The fore yard, in length, is .exadlly twice the main breadth of the 
fhip ; its diameter, at the flings, one inch to every foot in five eights of 
the breadth. 

The fore-top-fail yard is, in length, the breadth and iixth part ; and its 
diameter feven fifteenths of that of the fore yard. 

The fore-top-gallant yard is, in length, two thirds of the breadth j and 
its diameter half that of the fore-top-fail yard. 

' The fprit-fail yard, in length, is the breadth and one quarter; and its 
diameter, at the flings, one inch for every foot in the third part of the 
breadth, which will be half the diameter of the main yard. 

The fprit-fail top-fail yard, in length, isf three quarters of the breadth ; 
and its diameter feven fixteenth parts of that of the fprit-fail yard. 

The mizen yard is inclined, on account of the triangular form of the 
fail, and is the hypothenufe of a right angled triangle ; it is, in length, 
twice the breadth of the fltiip, and its diameter one inch to every foot, 
in one third of the breadth ; at the lower arm it is two thirds, and at the 
upper arm one third of the flings. 

The mizen top-maft is, in length, three fourths of the breadth ; and 
its diameter, half that of the mizen yard. 

Of the proper Figure of Mafs and Tards. 

Our readers, fays our author, know very well that the mafts^ as well 
as the yards, are round, like cylinders, or cones ; but, perhaps, they ima-» 
gine the fides are ftrait« 

The beft maft«-makers make the fides of their mails curves, which 
form an arch of an ellipfe. Our author here (hews us how they form 
thefe curves ; for which we refer to Chap. VII. Se£t. I. pag. io6. of the 
foregoing Treatife ; and proceed to the 6th chapter, where he makes 
fome remarks and experiments on the before-mentioned proportions. 

It is eafy to judge, that the dimenfions of the fails are regulated by 
that of the mails and yards. 

The main-mail, of itfelf, is 1 20 feet ; the main-top-maft 72, and the 
.nain- top-gallant mail 30 feet , a monilrous height, when all thefe are on 
end ; and they are proportionally fo in leflfer ibips : If the mariners would 
but attend to what they fee every day before their eyes, they would eafily 
be convinced, that it would be a great advantage to ihorten them prodi* 
^ioufly ;, and, if they pleafc> make the yards longer, to gain what (hey 
Supp. D lofe 
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lofc In the height of the mafts. A fmall fail, when very high, will 
liave more power to make a (hip heel than to go a-bead ; becaufe» be* 
ing placed at the end of a long lever^ it is removed at a great diftaoce 
from the center of gravity ; and whereas a larger fail, when placed low, 
has lefs power to heel the ihip j yet it docs not hinder it from exerting 
all its effort in refpedt of failing. All that the mariners hare to plead 
ibr this rule is, that experience, and the univerfal confent of all nations^ 
are on their fide j but we can affiire them, experience, inftead of fitvour- 
ing them, makes ^uite againft them. There are daily inftances of (hips 
being difmafted at fea ; and when they have got up jury-mads, have failed 
as fail as with the proper mafts ; on the contrary, when they give a (hip 
taunter-mafts, (he will not fail fo fiift as before ; an inftance of this hap** 
pened fome years ago in bis majefty's (hip the Content^ which they mafted 
beyond the common rules; or, perhaps, only obferved them to the ut* 
moft rigour, and imttiediately (he loft a great part of thefe advantages ; a 
certain mark that the mafts are too high* 

We perfedly agree, with our author, that when (hips are difmafted in 
a very hard gale of wind> and the fea running very high, they will fail 
better with Jury than with their proper mafts^ even when tiie top^gallant 
mafts are ftruck, and all their fails handed ; but when the ftorm abates, 
and becomes moderate, fo that a (hip can carry top-gallant fails, it is pre- 
iiimed (he would foon run another (hip, with jury ma(h, out of (ight. 

But the height of the mafts, fays our author, is not the only fiiult that 

attends thefe rules ; there is another fecret evil which they carry in their 

bofom ; they do not conform to the laws. that (hould be obferved in (bip& 

of different dimenfions. If one (hip is twice as long, and twice at broad, 

they make the (ails of this laft double the dimenfions of the firft ; but,. 

as all (hips are allowed to heel, a fmall (hip (hould have a great deal lefs 

fail, in proportion, than a great (hip: Suppoftng one (hip half the dimen(ionfr 

of another, the fmall (hip will only be the eighth part of the folidity, and 

the eighth part of the weight of the great one } ^nd, as it is the weight 

that oppofes the wind, when it makes its effort to overfist, or at leaft: 

to heel the (hip, (he will have but the eighth part of the abfolute force 

which is necefTary to fuftaia the fail ; but this fame force, which is di-*- 

mini(hed to one eighth part, is colledied in the center of gravity, and ap« 

plied with double difadvantage. Seeing all the dimenfions are lefs by 

one half, the center of gravity wilL be but half the diftance below the 

decks, or load- water line } fo the relative force, by which the weight of 

the (hip oppofes the effort of the wind, is only the fixteenlh part of what 

ths large (hi|» has« In order to judge if thefe rules be good or bad^ we have 
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only to examine if the relative force, which the wind has to ovcrfcrt a 
fmallihip, be likewife diminiftied to afixteenth part; and, if they'agrce^ 
the equilibrium will not be deftroyed. This will be a mark that the rules 
are perfciS, and we may continue to make the mafts proportionate to the 
other dimenfions of (hips. 

But when the dimenfions of the fails of fmaller fliips are half the di- 
menfions of the large, the furface of the faib is only diminiihed one quar- 
ter : It is true, the center of that effort is but half the height above the 
ihip, and, of confequence, applied tp the lever.of only half the length ? But, 
when all is confidered, the relative force which tends to overfet, is only 
diminifhed to ouie eighth part ; whereas the other is diminifhed a fix*- 
teenth part, as we have juft now proved. It is plain then, that the force 
of the wind will predominate, being two-fold too great ; fo that if the 
great (hip be properly mai9:ed, the fmall ooe cannot be Co likewife, but 
will be in danger of overfetting. 

To fpeak in more gen.eral terms, the relative force with which the 
ihip oppofes the effort of the wind, is diminifhed in proportion Co the 
fquare of the fquare of the ked, or of the breadth and the weight ; or the 
abfolute force is diminifhed in propcHtion to the cubes. But the relative 
{effort of the wind is not diminifhed, but as the cube of the keel, or as 
the cube of the breadth ; fince the abfolute force of the wind, which is 
proportioned to the furface of the fails, is diminifhed but as the fquare ; 
and that the height of the mafl, which ierves as a lever to that force, 
<}imini(hes only in proportion to the keel, or to the breadth ; fb, in fmall 
ihips, the force which they have to fuflain the prefTure of the fails is al- 
ways diminifhed^ in a greater proportion, than the relative force of the 
wind to overfet them ; and, of confequience, if there be an equilibrium 
.betwixt thefib two forces in lai^e (hips, it cannot fubfift in final!, the firfl 
being too little, and the force of the wind too great. It follows then, 
that the ]Common rules are djefe&ive, and will be at leaft fubjedt to one 
of theiie two inconveniencies ; for the fmall fhips, being over-xnafled, 
,wiil not be able to carry fail with fafety ; and, on the contrary, the great 
ihipa, for want of iiifficient mafts, will lofe the advantages the taunt mafls 
would procure. 

The common rules being thus found defedive, we cannot fubflitute 
others fo fimpie in their room ; but, if we had but one fhip properly 
anafted, we noight, by that, regulate all the maffcs of fimilar, or nearly fi- 
milar fhips. The relative force which fhips have to fuflain the prefTure 
of the fails, is as the fquare of the fquare of their fimple dimenfions ; 
saA the relative force, which the mafts have to oveiiet^ is as the breadth 
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of the fails multiplied by the fquare of their height; fince this height 
augments the extent of the fails, and at the fame time malces the center 
ot their effort higher: On the other hand, we can fcarce difpenfc with 
regulating the breadth of the fails by that of the (hip ; we may make 
them more or lefs, but they fhould always depend on one another. So, 
fince the relative force of the {hip, to fuftain the preffure of the fails, is 
iiS the fquare of the fquare of the breadth, the relative force which thfc 
fails have to make her heel is as the produd of that fame breadth^ by 
the fquare of the height of the maft : But if there be an equilibrium be- 
twixt thefe two forces, there will be an equality of ratios betwixt the 
two quantities that exprefs them } and this equality will fubfifl if the 
two quantities divided by the breadth. Hence it follows, that, to have two 
iimilar (hips properly mafted, thefquaresof the heights of their mafts muft 
be as the cubes of their breadths, or of their lengths. This theorem may 
ferve as a rule $ and it will always be eafy to determine the dimenfiona 
of the mafts of any fhip, provided we have another properly mafted, 
which may ferve as a ftandard. 

It feems there, can be no inconvenience in regulating all mafts by thofc 
of the third clafs. In a fhip of the third clafs, which is 137 feet long, 
the fails on the main^-maft are generally about 1 1 8 feet high. In order 
then to find the height of the fails of a iimilar fhip, which is 83 feet 
long, we have only to make this.fimple proportion : As the cube of 137 
is to the fquare of 118, fo is the cube of 83 to the fquare (^ the height 
of the fails, on the main*maft of the fecond fhip^ this fquare is 3096 > 
and, of confeqoence, the required height of the mail is about ssi feet; 
which, by the common rules, would be 714- feet. Tho' this operation is^ 
not long, it may be ihortened by the logarithms. 

But if the fecond ihip is not iimilar to the firft; if (he be either 
broader or narrower, deeper or ihallower, the mails muft un4s^g^ ^ fe" 
cond change in proportion to the breadth ; that is, if the ftiip, which h 
83 feet long, inftead of 23 feet broad, according to the common rules, be 
only 154, or two thirds 0/23, the height of the maft muft be only 37tV, 
inftead of ^^^^ It is eafy to remark, that the ihip being the fame length, 
but a confiderable change in the breadth and depth, the height of the mafts 
muft receive a proportionable change. 

For, fuppoiing that the breadth of the fails is regulated by that of the * 
ihip, and that the height of the maft is likewife changed in proportion to^ 
the fame breadth of the ihip, the extent of the fails, and, in coniequence, 
the abfolute impulfion of the wind, will be in proportion to the fquare of 
that breadth^ and its relative force in proportion to its cube } at theiShie "-''^.. 
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time that the relative force with which the weight of the fliip refifts the 
inclination, is proportioned to the fame cube, and not to the fquare of the 
iqaare, fince the length of the (hip is fuppofed dill the fame ; for it 
follows from thence, that the alterations made in the fails, anfwer exadly 
to thofe made in the breadth of the fhip, and that the equilibrium 
is no ways altered. If the breadth be doubled the fails will be 
doubled, both in breadth and depth ; fo the furface will be quadru- 
pled; and, when the height of. the center of gravity is lilcewife dou- 
bled, its force will be eight times greater ; but if the relative force 
of the wind, to overfet the (hip, be eight times greater; on the other 
hand, the weight of the fhip which oppofes that has eight times 
greater force, and then we (hall have nothing to fear. The fhip in 
effedl has the fame number of vertical fedlions perpendicular to the 
keel, which are the elements of the folidity, but each will be quadru- 
pled, and the quadrupled weight of the (hip, being fltuated twice 
as low, or with double advantage, fince the depth is likewife dou- 
bled, will have eighl times the force precifely, as is necefTary always 
to retain an equilibrium with the effort of the wind. We now perceive 
the propriety of joining this fecond rule with the former, which every one 
may eafily do, who has one fhip properly mafled, by which to determine 
the dimenfions of the mafts of all other (hips, even of thofe which are not 
fimilar, provided the vertical fedions of the immerged part be fimilar. 

The firfl rule is, that the fquares of the heights fliould be as the cubes 
of the fimple dimen(ioos. 

The fecond is, that the heights of the mafts (hould be proportionate to 
the breadth of the fhips, provided they be the fame length. 

Thefe two- rules being admitted, we may ufe the befl we can pick 
out of the common rules^ and examine the heights of the mafts of each 
fhip, as if fimilar to thofe of the third clafs, as they build them at this 
time ; and then we need only enlarge, or diminifh, the fails, and the 
heights of the mafts, already found, according as the fhip is great, or 
fmalL 

We may find other rules, which tend to the fame end with the preced- 
ing. As for example, a third is, that in fhips of the fame breadth, but 
of different lengths, the heights of the mafts fboukl be as the fquare roots 
of the lengths ; for the relative force which thefe fhips have to fuftain 
the prefTure of the fails, or to oppofe the inclination, is proportionate to 
their lengths ; feeing the other dimenfions are no ways altered. The cen- 
ter of gravity is neither raifed, or lowered; it is only the whde weight 
that is greater or lefs» according to the length; and the relative force will 
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always be in the fame proportion : But when thcbreadth of the fliip con- 
tinues the fame, that of the fails will likewife be the fame ; and the re- 
lative force they have to make the fliip heel, depends wholly on their 
height, but that is two ways : The firft is, becaufe the height of 
the maft will increafe the furface of the fail expofed to the wind ; the 
fccond is, becaufe the center of effort is raifed, or the lever is longer ; fo 
the relative force of the fails increafes the fquare of their heights, and in 
<iafe of an equilibrium,that fijuare muft be proportionate to the length of the 
ihip, which expreffes the other relative force : And of confequence, the 
heights of the mafts and fails fhould be proportionate to the fquare root 
of the length. Suppofing that, without altering the breadth and depth, 
we fliould make the (hip four or nine times longer ; we need only, ac- 
cording to that rule, double or triple the heights of the mafts. Laftly, 
if we add this third to the fecond above mentioned ; namely, that in (hips 
of the fame length, but of different breadths, the heights of the mafts 
ihould be proportionate to the breadth, we may from thence deduce the 
ibllowing fourth theorem. 

In fhips of different lengths and breadths, the heights of the mafts 
fliould be in a compound proportion of the breadth and of the iquare 
root of the length, or they fhould be as the produdts of their breadths, by 
the fquare roots of their lengths. 

Such of our readers, continues oar author, as arc not well verfed in 
geometry, may eaiily be convinced of the truth of the moft part of what 
has been faid on this head, by trying experiments. If the heights of the 
xnafts ihould have the fame proportion in all (hips, it muft hold in the 
fmallcft as well as in the largeft ; and, on the contrary, if thofe rules are 
erroneous, the true way to difoovcr the fault will be, to maft an enormous 
large (hip by thefe rules, aad like wile a very fmall one 5 perhaps one or 
two feet long ; this will be, as the faying is, hitting the nail on the head* 
We may by this way bring the rule to fuch a proof, as may be deemed 
the trtje touch ftonc- When I was at Havre de Crace^ continues our 
author,and ruminating on thefe things, I caufed two fmall (hips to be made 
perfe(9:ly equal; and of the fame form with the G^a;^/? frigate, building 
at that time for the king. My two faiall fhips were each about i€ or 20 
inches long, I cannot be pofitive to the exad length ; but this I may 
venture to afTert, that they were exadUy fimilar to the frigate, and one of 
daem mafted according to the efkblifhed rules. I took upon me toxnaH 
the »Qther, which I did not to the utmoft perfedion, that I might depait 
as little as pofBble from the common rules. In fhort^ we gave the two 
iSa^ips the fame loadingaod }xilL^, we carried them to a piece of water of 
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ibfficient extent for our purpofe, where they were expofed to the whofe 
force of the wind, which then blew pretty hard; the experiment wa$^ 
icarce begun, when that mailed in all refpeds iimilar to the Gazele^ over* 
fet topfy-turvy a hundred times, to the great aflonifliment of all the 
fpeftators : Not confidering that although all the parts could be made 
proportionate tothofeoftbe frigate, but 50 or 60 times lefs than the cor- 
refponding parts of the frigate, yet they could not at all abate the fury 
or force of the wind, and by this means they expofed the little {hip to a 
perfcd: ftorm fo furious, that the greateft ftiip could never encounter^ 
It is granted, continues M. Bouguer^ that the fails of the fmall (hips arc 
60 times lefs than thofe of the frigate ; and therefore the impulfion they^ 
receive, will be 3600 times lefs than thofe received by the frigate, al- 
lowing the wind to blow with the fame force, and the effort of the wind 
to overfct the (hip, will be 216,000 tinoes lefs. But the force which 
the weight of the fmall (hip has to recover or right herfelf, is likcwife 6a 
times lefsj for the weight itielf is become 216,000 lefs, and when applied 
to a lever, 60 times (horter, it (hould have 1,296,0000 lefs relative force* 
After this, it is no way&furpriiing, that the fmall (hip which has 60* 
times lefs force, in proportion to the Gazeif, to fuftain the prefTure of thc^ 
iails, (hould not for one moment reiift the effort of the wind, not evea 
when great part of the fails are furled ; and feveral other expedients tryed 
by many who intereft themfelves too much to preferve thefe proportions, 
and fave, if pofTiblc, the credit of the common rules* I fairly own that 
the noodel I made overfet likewife feveral times ; becaufe, as I obferved 
before, I fatisfied myfelf in making the dimenfions of the mafts, nearer 
to the true, only in retrenching (imply the principal defeats in the com«^ 
mon eftablifhment ; and the wind at the fame time blew in heavy (quaiU^. 
bat the other fmall (hip, after they had reeft part of their fails,, overfet: 
20 or 30 times to one of mine,, which is a plain proof that, the mafts. 
ihould not be proportionate to the other parts of the (hip.. 

In the leventh chapter, he treats^of the names and uies of the ropes/ 
which conftitutes the (landing andrunning. rigging ;, wbichiconoludes thdb 
fecond fe^ion. 

In tlie third (edion, he treats of the abfolute relative force of folids. 
whether wood, iron, or any other metal ufed in (hipping, and endeavour^ 
from thence to make a general rule, for determining the fcantlings at 
every particular piece of timber in a (hip :. Healfo confiders,, whether (he 
common methods are fufficient for preyenting a (hip's hogging or camr^ 
bring i this takes up four chapters i but as. Mi Dub0md ms given us fti 
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table of fcantlings and dimenfions, wc refer our readers to the Appendix 
for determining that point. 

' In the fifth chapter, he gives us the following account of the folld of 
leaft refiftance ; that is, fuch as is not liable to be broke in one part 
more than in another. 

Seeing it is certain, that in all bodies whofe elementary flices form 
fimilar figures, the relative refiftances are in proportion to the cubes of 
the diameters of their thickncfs, we may from that principle determine 
the figure of the folid of leafl refiftance, that is fuch as is not liable to be 
broke in one place more than in another. 

Suppofe a power applied to the top A of the body A B, Fig. 9, and 
adls at the upper end in the dircdlion A G, perpendicular to the axis of 
the folid, of which all the elementary flices are fuppofed to be either 
fquares, or cylinders ; this power will have more or lefs relative force to 
break the body according to its diftance from that part which bears the 
greateft ftrain. If that part be near to the top, the relative force of the 
power afting on A will be weak, but ftronger when at a greater diftance j 
it will always be proportionate to that part of the axis A C, which ferves 
as a lever to the power : Now the relative refiftance of folids, which are 
as the cubes of their diameters, (hould be equal to the relative efiForts of 
the power that preferves the equilibrium ; fo the cubes of the diameters at 
different parts of the lengths, ftiould be in proportion to the lengths of 
the parts of the axis ; conlequently the folid of equal refiftance in all its 
parts, (hould be a conoid formed by the firft cubick parabola. A power 
at eight times the diftance will have eight times the efibrt to break the 
/olid, on which account the diameter at that place muft be double that 
which is at the top, where the power is fuppofed to adl. If the power 
is 27 times the diftance, it will have 27 times more purchafe ; but if the 
diameter at that place be three times bigger, it will be able to fuftain 
that whole weight. 

We need not obferve that this ftiould be the figure of mafts j it will be 
proper here to ftiew how this cubick parabola may be defcribed, which 
may be done by the following method, delivered to us by our author* 

' Divide the length into 64 equal parts, and the diameter at the partners^ 
into four equal parts. In order to determine the diameters at thefe feve* 
ral parts of the length; at 27 parts of the length, the diameter is three 
fourths ofthatatthe partners ; at 8 of the length of the diameter, half 
that at the partners, and at the firft divifion of the lengthy the diameter 
one fourth of that at the heeU 
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iiJote. The parts of the len^h are accounted from the top, and in or- 
der to find die intermediate points betwixt thefe, fee the following table/ 



Purtaof 

the 
leiiEth. 



Dxanu 



engt 

6c 



o 3.91 

SS ' 3-8 
50 3.68 



Pautiof 

the 
length. 



Diam. 



45 
40 

35 



3-56 
3-42 
3-«7 



Parttof 

the Diam. 
length. 

30 3.1 1 

25 2,92 

20 2.71 



Parttof 

the Biam. 
length. 



15 
ZO 



2.47 
2.15 

5 1-71 



In regard to the yards, they (hould not have the iame figure, they 
(hould terminate in a point at each end, and each half (hould be formed 
by the revolution of a fecond cubick parabola. Itiseafyto perceiyc 
£he reafon of this difference ; that power which tends to break the yards 
is not only applied at a Icfs diftance towards the extremities, but is alfo 
fefs, becaufe the effort of the fails being diffaributed the whole length of 
the yard, there will be only that force which exerts itfelf on each part of. 
the. yard. The whole effort which the mad (hould fuflain, is applied at 
the top, fo it is always the fameabfolute force which tends to break the 
inafl ; whereas in the yards, the abfolute force is greater towards the 
middle : The middle of the yard has not only the greateft effort to fuftain, 
but this force is. like wife applied at a greater difbnce. If we examine 
Ae effort of the fail at one quarter of the length of the yard, we fhall 
find it but one half of that which it is at the middle, and, befides, the cen- 
ter of 4ts effort is applied but at one half of the diftance. In one word, 
flie relative forces which tend to break the yards are, as the fquare of 
their diflances from the next yard arm, and as the refiftance fhould be in 
zxt equilibrium with thefe forces, it muft follow that the cubes of the dia-^ 
meters be in pro^rtion. to.the fquares of the difbnces from the yard arm. 
Hence, if we divide half the length of the yard into 64 equal parts, and 
tiie diameter at the flings into i^, the diameter at 27 parts of the length 
accounted from the yard arm, mufl be nine fixteenths^of^that of the flings y 
at 8 parts of the length, the diameter mufl be one Quarter of that at the 
flings, and at one fixty-fourth of the length, the diameter muft be one 
fixtecnth of that at the flings. . 

• Our author, then confiders the mafls that fhould be made of feveral 
pieces, being too large for to be made bi one tree, and thinks xh^y fliould. 
be of a diflferent form ; at the fatne time, he tells us, the mariners do not 
<x)nform to any of thefe proportions} and that they are as much deceived? 
5n refpe^ of the figure, as in the lengthy though, they are very fenfible,* 
the figure of mafls fhould differ from that of the yards. The builders,^ 
JM)wever, fays he, have found to as great perfcftion as poflible the pro- 
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SortiQfis tbe (jUamietier^ (houJld beac to the other dlmc9.i7Q0£.>. fbr wh«9. tlte^ 
ifcoyercd the weakeft part, ibey have^ made tbeoi higaer ^ t^at pla??^ 
and, by the mere dint of repeated trials, have brougnt tHat poiot to 
as great pcrfcdtion as could have been done,, hyj thft afliftaoce of 
geonaetry. 

Intfcie fixth and feventh cfeapteifs, he confiders the-ftrcngth of the 
cordage, which concludes the firft bpok. 

In the fccoftd Book, be confiders *the J!Mp when a float, and at reft, 
Iq the fii;ft fed^ion, ^yhich,h? div.ide^^ into fix, cbaptftw, be trcateoCthe 
weight of a. ihip, and the force of the watqr to' fuftaiq, th^t wejghL 

Tile firft thrive chapters are ghicffy cmjjlpyec} in.preJtribjUjg rulesr to| 
afcertain? the prjeci(e fraught of water a, (jiip fhould, dfftWi whcapropccTy. 
loaded; tvhich he performs by mcafuwn^ the^imnieffgpi part, and 
thereby difcovers if her load- water line correfpopds to that in thc.dcawgbt ^ 
the fubftance of which M» Z)i//&i7/»^/ has, extra^cd, £br which we cefejc; 
to the Abridgmei>t, Chapter VIII. 

The other three chapters are wholly taken- 9p*lA g^PgjogcOf ^ps^ 
and determining their tonnage, either in? weight. or hfxl^ apd ccgulatii^ 
the f^es for anchorage^ and other db^>. which are Tf^a(b^ by the» 
tonnage. 

This concludes, the firft fefldoq > and» in the iecofld^ ho tfc^ts of tho 
weight of the (hip^ and the proper pofition c^ the ^ cei^t^r of gravity, and 
gives rules for finding k. X^s with his renaarks^ takes ui^.tcfi . chaptprs^ 
which M. I)uhamei has given u$ ii^ his fecond .edition, the trajtifiation o£ 
which is hereto annexed, tovvhich we refer ^ but we iwnii aot pafe pvcc 
what M. Bouguer^ fays of , the Jiiechani<:k way of finding the center o£, 
gravity. 

All the mechaniqks, fays h^, know haw. to find* the, center c£: gravityr 

of any body by fufpending it* It is worthy to be f^ernarkedt,. continuesj 

oi^r author, that this method may be very. ^fefu]> and eafily executed ia 

the^mval arfenals, where they have ready prepared every thipg, that is. 

neceflary for that purpofe : All that. ia. required is only to make.a blocfc 

of wood exactly fimilar to tht immerged part of the (hip, aad proportion^ 

iner all the oarts of the block t^ the correipodding parts of the fh^ by a 

r one third of an inch, or.any otlicr convenjent fpace, 

rrefpoAding pajtaof the (hip ; care muft, be taken tO{ 

It as poflible. The block being thus prepared, may. 

:ce of packthread> in different fituations ; if we con^ 

produced, it will pcnnt out the center of gravity^ 

Gtmplicity of this pra^ic?^ our author fays, it will be 
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fwivetiltnt bfl fcnic wcaflcmsto flfe dther methods, which may be tnoTc 
dire<9iy applied towards findingth« center of gravity. *-- Thus ^durabthcMr« 

We fhall here add, that fomb ufeful difcoveries mly be ibade ^y mo- 
dels, or blocks, and this, we conceive, with as great fccrtaihty is by cal- 
culation I for it muft be allowed by the nicefl calculators, diat the data 
tafceft from the draught of a quarter (bale, may be liable to great errors i 
but, upon ftriA examination, we may Venture to aifert, that there 
are very few (hips that haVe both their fides exadlly equal in evetyrefpc€t, 
and there need be no more convincing proof of this, than futpcitding 
fhe block by a piece of pack-thread fauened to a hook in any part of a 
ftrait line, drawn fi'bm the middle line of the ftem to that or the po{^^ 
This hoOk may be moved forward and aft to different places in the mid« 
die line, and a pliimet fufpended from the upper part 6f the midline c^ 
the Hem, and ahothet from the^upper part of the middle line of the 
poft, if the two fides be exadly of eqtial dimehfipns, and Ilkewife 
homogene, they will be of equal weight: A plane pafling through theie 
thfee lines, whatever part of the miiddle line the hook be in will Hkewifc 
pafs through the middle line 6f the keel, ikem, and poft ; a blQck that 
^ill (land this proof may be truly faid to be a moft valuable piece 
<yf workmanlhip, executed 16 the greateft pbflible perfection, and 
4thay be deemed the mafler-piece of the art, and oiuft redound to the 
great honour of the workman; 

The block being thus provided, and fufpended by the hook, 0ic 
|)1umb-lines at the uem and poft at tht fame time correfponding to their 
tniddle-lines, and to that which fufpends the block,^ We may hold a bat- 
ten out of winding, a term Well known to the (hipwrights, with the line 
that fufpends the block, and with a pencil draw a line on the block ; a 
plane pa^ilg thmugh this pencil line, at right angles to the keel, and paf*- 
iixig rikewiie through the line that fufpends the block, will Hkewifb pafs 
through' the ctinlef of gravity, which*, therefore, muft be fome where in 
this plane ; again, move the hook te fome other part in the middle line, 
tfnd let thebloek be Aifpehded from that point i draw alfo another pen* 
cil line out of winding, with this laftline of fufpenfipn ; The interfe<^ion 
<>f the twx> pencil lines will give the height of the center of gravity above 
the keel, aiid like wife its diftance from thcjpoft and ftem ^ and if the hook 
be moved to any other parts in the midline, and a pencil line drawn as 
before, it will like wife ihterfe^ in the fame point. Or let there be never 
ib many points afTumed in the middle line, and the block fu^nded by 
•each, and pencil lines driiwn, they will' all interfeft in the fame pointy 
4nd as the cditef c)f gravity will always be in that plane which pafles 
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through. the middle lin» of the keel, Stein^ and poft^ it may, /with cec« 
tajnty^bie marked on the draught. 

It muft be allowed this will require the utmoft nicety, aqd, if well 
executed, will agree exaftly with that found by calculation, provided tb« 
dimenfions be taken with an exceeding good fcale of equal parts, for 
which we judge the diagonal fcale of equal prts in Plate II* of the fore-, 
going Trcatife to be fufficient 

Having thus found the center of gravity of the immerged part,, we 
may, by the like procefs, find the center of gravity of the whole ihip,. 
compleatly rigged, mailed, and with all her guns, ammunition, provi** 
fions, Gfr, on board. In order to which the model muft be complcated,. 
her upper works, G?r, fimilar to the fhip, mafted, rigged, and haye the 
fame number of guns, (hot, cafks, caft ballaft, in fliort, every particular 
fpccies that compofe the whole weight of the (hip, all fimilar to the re-^ 
ipedlive fpecies in the (hip, that is, in proportion to the cubes of their 
fimilar dimenfions. All thefe things being (lowed in the model, the/ 
may be (hifled fore and aft, higher and lower, till fuch time as by re- 
peated trials the center pf gravity of the whole (hip may be properly 
fituated with refpedl of that of the immerged part. 

It muft be allowed this will require the utmoft care in the execution^ 
but it muft likewife be allowed, it will require no lefs care and accuracy 
to find the exaft dimenfions of the feveral fedions of the (hip, efpecially 
as every dimeqfion in the (hip is 48 times bigger than theic fimilar ones inc 
the draught, fo that an error of a quarter of an inch in the draught,, 
which is only the 48th part of a real inch in the (hip, will occafion ait 
error of 1 10592 cubick quarters of an inch in the (hip, provided the er- 
ror be in all the three dimenfions, viz. length, breadth, and thicknefs. 

There are feveral models compleately mafted, rigged, with guns, an- 
chors, &c. proportioned to thofe of the (hip 5 fuch as have thefe in pof- 
feflion may make feveral ufeful experiments iii water 5 a few of whichi 
we (hall mention, 

Firft, to find the whole weight of a (hip when properly loaded to the 
propofed water-line. 

To attain this, let the loadwater line be drawn with a pencil on the 
model, and loaded till that line come exadly to the water's edge, after 
which take the model out of the water, and let it be fufpended till all 
the water drains oflT, and then weighed. . The following proportion will 
give the weight of the (hip ; i is to the weight of the block, as the 
cube of 48 is to the weight of the (hip. Nofe^ this may be done with- 
out the mafts, and the block may be loaded with fand^ or any other 
- ' * ' • - * ponde-' 
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|toilderoi)8 bodfi that will fink die model to any pf opofed draught of 
water. If the weight of the (hip be given, we may find what the weight 
of the block (bould be by the revcrfe of this proportion* We (hall iU 
luftrate this by an example. 

Example. Admit a modelv when properly loaded, weighs 163 ounces^ 
what will be the weight of the fliip in tons? 

As I o. 

Is to 48^ 5-0437^5 

So is 163 2.212 188 

7.25591 1 

Subtract 4.554368 

. Tuns 503 2.7.01543 

As the index of this logarithm is 7^ the natural number muft confiA 
of eig^ places^ and the anfwer will be in ounces,^ which cannot be had 
in the common tables. We (hall therefore reduce them to tons by the 
common rules of redudion. Firft divide the ounces by 1 6^ gives pounds ^ 
divide the pounds by 1 12, gives hundreds > laftly,, divide the hundreds b}^ 
20]iand we have the anfwer in tons^ Now all this may be done by fubtradKng. 
the fum of the logarithms of thefe thr^e divifors from the fum of the lo^ 
garithms of the firft and fecond term, as in the preceding operation. 

i6' 1.204120 

112 2.049218 

: 20 1.301030 * 

Sum 4-554368- ' ' 

■ Hence wt^ have the following general rule : To the logarithm of thn 
weight in ounces^ add the conft'ant logarithm of 48^ which Is 5.04^723,. 
and fi-om the fum fubtracfl the cpnftant logarithm 4. c 543.68 ;; the re*- 
mainder will be the logarithm of the number of tons« It muft be obfer-> 
ved, that if the fcale be not a quarter of an inch to a foot,, we muft not: 
take the logarithm of 48', we muft find how many of the parts that re- 
prefentsone foot in the draught will make a real fbot $ as for inftance, if 
tl^e draught be a three eighth fcale^. it will take 32 of* them to one foot^ 
fo that in that cafe we, muft take the logarithm of 3a' 1 if by a half inch 
fcale, the logarithm of 24^ y if by a. three quarters, the logarithm of 

Secondly, we may, by the lame rule, find the weight of the fliip^ 
when launched ^ It is only Ibading the block to the fame draught of wa-t 
ter with the ftiip when launched,, and then taking the weight in <^nces^ 
- ^ - 1 - - . . ^ - -and 
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lafted» whf^B riggf d> io (hod; we imay Akd the weifffat of the mafb^ guii% 
provifions, ^^. or ikaw ixiuah weight will he nece^ry to he put on boai4 
to make her draw an inch more water. It muft be vaderAood that tUi 
rule will give the •toAs^ » the commoa acceptation of that word $ for by 
that is meant the builders t^ns ; ior finding which diere k an elbUiflied 
rule, which may vary according to the cuftom of the place fhe is built 
in* The freight of goods in the merchant fervice is either in weight, or 
bulk I the weight is 20 cwt to one ton, and 40 cubick feet make one 
ton, 

T6e general rule for determimng the tonnage ofjbips taken into bis Ma-- 
j^Jff^firvice. 

i« Let fall a perpendicular from the back of the main pod at the he^ht 
of ttic wing tranfoffii to the rabit of the keel produced. 

2. Set forward for that two inches and a hklf for every foot in height 
for the take of the poft, vA fi-om that point meafure to the perpendicular 
^t £dl from the forcfide of the ftem, obierving, if die fliip is not on an even 
keel, to make ufe of a iquare applied to die bafe boards 

3. DeduA three fifdis of the extreme breadth out of that length, the 
Mmainder i^ accounted the length of the keel for tonilage. 

4. Multiply this length by the extreme breadth, and this produA by 
the half breadth; divide thi» prodMd by 94, the quotient will give the 
required tons; or, which \»\^ fame thing, multiply the length of the 
keel by the fquare of the breadth, and divuie the produd by 1S8 ; die 
quotient will give the tons. 

EKftmple^ Keel for toqnage 144.5 ^^*> breadth extreme 51 ; reqmred 
&e tons? The &Uowing Is the operation performed by lo^itJvns^: 

X44t5 ^>M98^B 

i85 a>a74a5« 

1999 tons 3i3Pofl50 

(Sef tbif oferAfi^n^p^^med if tkejiding ruk, p. 99 if Oi /cpegmpfgqiratifhy ' 

Ii>i the merchant fecvice take the depth of the ked belowt tb^^ rahit* 
and'fet that ofF from the rabit of the^ poft; then proceed ag befG^; fyx 
boats, in gcne«il,. proceed frooi the back of thepoft, and proccedaiab(we. 

It is the general pra^ice of the builders to meaiUiv the tomutgp h]F 
die realdime/ifions of the fhip, when upon the blQck3. Thehwilder^Md 
imarinersiigree in this point, and experience proves beyond difpute, that 
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ibvft If anf Oitps^ arc «xa&ly fimikr to thb drftHg^ts; mdjtidcti, it 
& impoiSble tbe3r fhouldy. uniefs the thickncfe ef^ ehe pknki be laiddowa 
15 the draugJbv which, perhaps^ may be one of the moft intricate epe-- 
rations in the pradtical part of fhip^building $ however, I fhaU attempt 
it in a;)othet place« The chief defign of laying down the pfopofed di-^ 
cneofions on paper, aiul then in the loft, is to determine the exad form and 
fie^eQln^ of every timber in the ihip, which i$» now done to ib great per* 
ieiStion m his Majefty's dock-yardsj that they want very little reconciling 
wheit gping. to be planked' As there is fcarcely a poffibility of afcertain- 
ing the true dimeniions fronv a draught,- it feenars there ean.b6 no great 
Qependance on^ the calculations mentioodd by our author. He ha$> to 
Bis, gfeat honour^, carried his inveftigations to the utm^ft nicety ; having 
conUdered the nunuteft ckcumftancesi andthe^alteriftio^s the fhip under* 
Ipes in all diiTerent fituations^. and has brought th» theory of ihip^budld- 
ing to a&igreat perfe^Hion as. the nat4jft^ of the fQbj,ti£b ^ill permits thought 
very, few Shipwrights can follow him in- his deep reibarches, 

Qiir aiithor> in the elevenths chfapter, (hews how to find> by a iifsiple' 
experioEient if the center of graviQ^ of 2, ihip.be properly fituaMd»< e tear after 
ibe is. built., 

' It wouid^ ^y& hey undoubtedly be of grtfat ad^aatigei. a^r 9 ibsp is^ 
biiilt,.. rigged^ and loaded^^tohave^it in our. power to be well afl^ecT^ eveiii 
vbea.ihe.isia the harbour^ that the center of gravity be properly' fituatedi 
with rej^fito" the metaceDtey, ' 

Sometimes, there are ixAny things- ranged and; placed iti a. very difierent 
manners The confumiptioD of ammunition' avid fHK>vifion8 in ar lof^ 
¥oyage is very confiderahle, and it will be jieceffary to know what changes 
r^iult from, thence-; and this is. what may be^ had bjr a very/finlpleexpe*^ 
riment. We are obliged for the firft idea of this (0 Father Hofie^ 

If we place, a wei^t P^ on the outfide of the fbip O EC^ FS^. 10^ 
%t the outer end C^of a fparr> laid aorofs^tbe fiiip^ this will make*tho 
fhip indine to a certain pointy at whidb tifioe there will be an exa&eqiiii* 
librium. betwixt the weight fofpended without th0 fhip). aad the wbok: 
weight of the (hip^ on each fide of the line Y Z>, in the direction of the 
vertical effort, ot the water. The ootnmon center of ^avity G^ is* 
ia the fame vertical with the metai^nCer, when the fhip is inanbori*- 
zontal ixtuation ; by the metacenter our author undecftanda that pointy, 
above which the center of gravity ifaould never be placed. The mora 
the ihi{x incUneS) the fucther will the center of gravity G be removed 
from the line Y Z, the vertical of the metacenter^. and it is plain, that 
O T,, the di(lanoe fcom thait Uae^ is always in ^iropoction to the fine of 
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the inclination ; at IcaA, when the inclination Is but fmall. N'owif that 
diftance, and likcwifc the whole weight of the (hip be known, wc have 
Irkewife its moment, or the relative force with which that weight ads, in 
cndeavouriflg to right the fliip, and bring her again into an horizontal fitu- 
ation ; but fince both the fituation, and like wife the weight that produces the 
inclination are known, we may from thence know if the moment o£ 
one be equal to that of the other, and thereby eafily difcover if the 
center of gravity be in that very point we propofe. 

We<annot foe too nice in taking the quantity of the angle of inclina- 
tion, for the fuccefs of the whole experiment depends on this: To attain 
this, we may ufe a level line for the fenfible norizon of the fea, or a 
]dumb4ine feftened to the head of the mail, and take its diftance from' 
the foot of the maft, both when the (hip is upright, and likewife when 
(he heels; the plumb- line feems to be the mo(t convenient, becaufc we 
have thereby immediately the proportion in which the center of gravity- 
recedes from the vertical of the metacenter, which will always be in pro- 
portion to the difl:ancc of the plumb-line from the foot of the maft. 
We muft be very careful, during the whole time of the operation, to 
render all the circumftances abfolutely the fame, that we may be welt 
aifured the inclination is produced only by the weight applied to the otit-. 
fide of the (hip : No doubt, this will require the a(fiftance of many 
hands, to put every thing requifite in its proper place, but they muft all' 
withdraw, when the diftance of the plumb-line and the other dimeniioniS 
are meafuring. The weight of two or three, or fometimes even ten 
men, need not be regarded; whereas the weight of the whoje crew 
would produce a very fenfible alteration ; and, I conceive, the crew might 
be difpofed to great advantage in this experiment, as they may be eafily 
moved from on^ place to another. 

We may, by this means, find the center of gravity of the (hip, pro-^ 
vided we know only the metacenter 5 for, having the quantity of the" 
weight that produces the inclination, and examining R Z, its diftancQ^ 
from the metacenter, or from the vertical that paflTes through that point, 
^nd on which the effort of the water exerts itfclf, wc have Ijkewife it4 
moment, or its relative force, which is equal to that of the weight of the 
whole (hip, fince thefe two exadlly ballance one another; fo it is only 
dividing this moment by the whole weight of the (hip, and the quotient 
will give us the diftance of the center of gravity, G, from YZ, thever^ 
tical of the metacenter. If the weight that makes the (hip incline be 5 
tons,: and itsdiftance firom Y Z be 30 feet, its moment will be expreflcd 
fcy i^p^ .md if this ipotpttit 13 divided by iSep) whieh is fuppofed t6* 
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be the whole weight of the fhip. We ftiall find that the diftance of the 
center of gravity is from the vertical, Y Z, one inch. After this, it will 
be eafy to difcover how far the center of gravity is below the meta- 
ccntcr g ; fince there will always be the fame proportion betwixt the 
diftance of the plumb-line from the foot of the maft, and the height of 
the maft, that there is betwixt G T, one inch, the diftance of the center 
of gravity, G, from Y Z, the vertical of the metacenter, and g G, the 
diftance betwixt the metacenter and the center oF gravity. If a plumb- 
line, of 50 feet long, is one inch diftant from the foot of the maft, we 
have this proportion, i : 50 : : i (inch, the diftance of the center of gra- 
vity from the metacenter) : 50 inches, which makes G g^ the diftance 
of the center of gravity, below the metacenter 4 feet 2 inches. 

We may remark, that, in order to determine this exadlly, it is not ne- 
ceffary toknow the precife point in which the metacenter lies ; it maybe 
fuppofed in the middle of the breadth-line O C on the upper deck. 

The fmaller the weight is that makes the fhip heel, fo much the 
greater muft be its diftance from the ftiip ; however, an error of fome 
inches, in the horizontaldiftance of the weight, will be fcarce per- 
ceptible. , 

In fine, where neither the fituation of the center of gravity, nojr of 
the metacenter, is known, this experiment will at leaft have one confi- 
fiderable advantage, that thereby we may know if thefe two points are 
always fituated in the fame proportion with refpedl to one another. We 
may, by this means, be in condition to reap the profit of all experi- 
ments illide in former voyages, and eafily find the fliip'sbeft failing trim, 
which the mariners call her feat in the water ; and it is only by thefe re- 
peated trials, that hitherto they have found it out Though the builders 
always draw a waters-line on their draught, to determine the precife draught 
of water the (hip will draw when loaded ; it is but too true, that they 
have no certain method to afcertain this, and are altogether ignorant what 
fhould be the difference of the draught of water afore and abaft. 

All (hips have a fcale of feet and inches on their poft and ftem, to 
determine the draught of water afore and abaft : We may, by this fcale, 
difcover if the whole weight, and if the goods be ftowed exactly in the 
fame manner, with refpedt to the length of the (hip, and likewife if the 
center of gravity be properly fituated in rcfpcdl of fore and aft. But tho* 
thefe be important difcoveries, yet thefe alone are not fuflicient ; for, 
admitting we have all thefe, the center of gravity may be either too 
high or too low> to afcertain which, we muft have recourfe to the pie- 
ceding experiment. Thofe who have the charge of navigating the (hip, 
Sup^ F and 
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and ftowing the goods, make particular mention in their journals, of the 
weight of the cargo, the number of guns, the exadt draught of water 
fore and aft ; they need only make one remark more, which is, to fpc- 
cify the exa<fl weight that will be neceflary to be laid on the outfidc, 
in order to make her heel to a certain determined point. 

When all thfs is given, it feems we know all the circumftances of the 
weight, which contributes to the fafety and perfedlon of navigation j for 
what more can be defired, but the exa<5l quantity of that weight, and the 
precife point in which it is united. It does not appear that the mathemati- 
cians who have examined this fubjedt, have proceeded on any other fup- 
pofition, than to render our examination compleat : Thefe rcfearchcs muft 
be carried further. The weight of the fhip may be exadlly the fame, 
and the center of gravity may likewife be (ituatcd in the fame point, with 
refpedt to its height, and yet produce different effeds. The effedl will 
be exadlly the fame while the (hip continues in the fame fituation ; but 
it will be quite different, when the (hip begins to rowl, and this may 
happen even in a calm, when a (hip has no head way. If any exterior 
caufe, as the continual motion of the fea, or a fudden fliock of the 
waves puts the (hip out of her horizontal fituation, on recovering herfelf 
ftie contrafts a motion which makes her incline to the oppofite fide, and 
her ofcillations continue fometimes a confiderable while ; becaufc the 
exterior caufe is renewed, and adts a fecond time, which perpetuates the 
motion : This concludes the fecond fedion. 

The third fedion contains three chapters. • 

The firft on the point, round which the (hip rowls, and how fer the 
weight will conduce to her rowling. 

The fecond. The figure of the (hip being given, and the diftributioa 
of its parts, to know the diredtion of the ofcillations. 

The third chapter is to find the changes produced on the rowling^ 
by the tranfpofition of fome parts in the (hip, with fome remarks oa 
pitching. 

As M. Duhamel's remarks contain the fubftance of what our author 
has faid on this fubjedt, we refer our readers to our tranflation of his 
tenth chapter of his ftcond edition, which is hereto annexed, and pafs 
on to the conclufion of M. Bouguer's fecond Book. 

After expatiating on the great advantages that will accrue to naviga- 
ting, by a proper fituation of the center of gravity. He fays, no labour 
(hould be thought too great to obtain it ; and that the builders, endea- 
vouring to make two (hips equal in point of failing, have madp their 
bodies fo exadtly equal, and of the fame figure, that no difference could be 
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Ecrccived in the very minutcfl: article : Butthcfc (hips were fcarce out of 
arbour, when their difference, in point of failing, (hewed itfelf in a 
very great degree, to the extreme amazement of all the beholders. This 
great difference cannot be attributed to the chimerical caufcs, for they 
dcfcrve no better name, to which they have recourfe.. Whence comes 
this difference, if not from the center of gravity, the fituation of which 
they had given themfelves no trouble to examine, if in the fame place 
in both? But granting that it may foj yet when the cargo is dif- 
ferently (lowed, and (he inclines more, or rowls to a greater or lefs 
degree; the immergcd part ceafes to be the fame, and of confe- 
quence the (hip will, in this rcfpedl be different, and produce diffe- 
rent effedls. It may here be afked, if the two (hips were to undergo 
M. Bouguer^s experiment, and the center of gravity, mctacenter, &c» 
arc found exa<aiy the fame in both ; and, if then, there (hould be 
any confiderable difference in point of failing, whence this could arife ? 
For they are fuppofcd to be rigged exadtly both alike. 

The chimerical caufes, he mentions, are, that fome imagine that a 
(hip's failing depends on driving wedges, in fome particular places ; on 
fetting up the rigging, which may be too tight or too Hack, on a piece 
of fail being fpread to the wind, or on a weight of 1 5 or 20 pound being 
fufpended in a certain place, &c. he fays there are not wanting feamen, 
^vho not knowing the caufcs of fuch changes, have afcribcd them to 
ibme fuch caufes, and affured us they have confijmed them by experience : 
And what is ftill more ridiculous, it is ufual, on pre(Eng occafions, to faw 
the gunwalcs,and to loofen fome parts, whereby they imagine the (hip's mo- 
tion will be quicker, becaufe they are more fenfible of her motion them- 
felves. This is, fays our author, as if a poft chaife badly flung would go 
fafter, becaufe they who are in it feel themfelves more fuddcnly toft and 
tumbled about. Whatever may be in thefe remarks of our author, we 
may venture to affert, ihat a fhip, after being loofcned, has got away from 
another that has gained on her very faft before. 

M. Bouguery in his third Book, examines the laws which fluids ob- 
ferve in their (hock 5 as the wind in ftriking the fails, and the water in en- 
cpuntring the fore part of the (hip : He divides it into five fcdlions. 
The firA fedion has eight chapters. 

In the firft, he confiders how the impulfion of the wind on the (ails, 
and the (hock of water on the bow, contribute to the failing, which he 
treats in a moft elegant manner, as a fpecimcn of which we (ball give 
the following extra^s. . . 

F 2 When 
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When, a (hip falls out of the harbour, (he acquires her motion by in^ 
finitely flow degrees ; much after the fame manner as heavy bodies, in 
their fall, arrive not at a certain velocity, but by an infinite repetition of 
the aftion of their weight. 

The firft impulfions of the wind greatly afFe<fl the velocity, becaufe 
the refiftance of the water might deftroy them, for the velocity being at 
firft fmall, the refiftance of the water, which depends thereon, wiH be 
very weak ; but the £ifter the flaip goes,, the lefs will be the force of the 
wtnd on the fails, whereas it is quite otherwife, with r^fpeit to the im- 
pulfion of the water, on the bow j becaufe it augments in proportion to 
the velocity with which the (hip fails. So thcj XK^w degrees^ which the 
eifort of the fails adds to the motion of the fliip are continually decrea- ; 
fing ; whilft, on the contrary, thofe wbiph diminifh the refiftance of the* 
bow are continually increafing. The velocity ig accelerated in propor* 
tipn as the quantity added is greater than that fubtrac^ed ; but whea 
thefe two powers become equal, when the impulfion of the. wind on the 
fails, ha& loft fo much of its force, as not to aft but in proporfek);^ . to the 
force with which the refiftance of the water adts on the bow, in the. op- 
pofite fenfe ; the {hip then will go no f^fter,. and will fail with a conftant 
uniform motion. The great weight of the (hip may be the caufe of the 
Ihip's being fo long in coming to her greateft velocity ; but this weight 
makes nothing to, the degree of velocity ; and when the ft)ip has Qoca 
come to it, flie afterwards goes on by hei: own intrinfipk ■ caption, ,andy 
fhe can neither gain nor loofe any new degree of velocity : She moves aa 
by her own proper force in vacuo, without being afterwards fubjed:,, 
cither to the effort of the wind on the fails, or the refiftance of the water 
on the bow. If at any tiipe the impulfion of the water on the. bow 
ftiould deftroy any part of the velocity the impulfion of the wind on the. 
fails will repair it, fo the motion. wili continue the^fame ; bat it muft 
be obferved this will only be when, t^efe tVf<^ powers, aft in a quite con«* 
trary diredlion to one another; 'otherwife, the.y will not mutually deftroy 
one another.' The whole theory of working (hips,, depends on tjiis op- 
pDfition and perfect. equalityi. which Ihould fubfift hjetwixt the impulfipil> 
of the water,, ^fl^, the irppulfip.i^ of the -wind. 

In the fecond chapter, he treats of: the meftfure of the. abfduJae Aback 
of the water, and of the> wind. 

When, fays our author, the.watefi, or any other £bid,.ftrikep a.plane,^ 
cyfty particle v»illi4<S with grsaten or kfs. force, according as the direc-r 
tion is nearer or farther from being perpendicular. . . 

The 
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The effort olFonc particle is expreffed by the fine of the angle of inci- 
dence ; but at the fame time that each particle makes a greater or fmall- 
er impreffion, the number of thcfc particles will be greater or fmaller,. 
according to their right, or oblique diredlion j and this number is like- 
wife expreffcd by the fine of the angle of incidence, fo the impulfion is 
in proportion to the fqnare of the fine of the angle of incidence. When 
the angle is right, the impulfion will be the grcateft that it poffibly can 
be ; whereas, when it is only 30 degrees, every particle will make only. 
half the imprefli6n, and there will be only halt the number that will 
contribute to the fliock, fo the effort will be only one quarter. 

But it is not only the obliquity of the direction in which the fluid gives 
the fiiock, that makes the difference ; it is likewife more or ^efs, in pro- 
portion to^thc abfolute velocity, which it has, independent of the obli- 
quity : As foon as the fluid moves fafter, the fhock becomes greater, and 
is io proportion- to the fquare of the velocity. If the water, which for 
example, ftrikes a furface, acquires three times the velocity, every fingle 
particle will ad: with three times the force; but as there will be three 
times the number that make their effort, the whole (hock will be nine ' 
times greater. This is a property which is common to all fluids, which 
makes their efforts fometimes very prodigious; Salt-water, for example, 
running at the rate of one foot in a fecond, will have but a fmall effeS, 
but if the velocity is ten times greater, the (hock will be a hundred times 
greater ; a force fuflicient to break thro' the thickeft dykes. 

Hence, when the fame fluid ftrikes the fame furraces with different 
velocities and different obliquities, the impulfions are as the produift of 
the fquares of their velocities by the fquares of the fines of the angles 
of incidence. 

If not only the velocities, and the fines of the angles of incidence be 
different, but likewife the furfaces ; the impulfion will then be in 
proportion td the extent of the furface, which will, nearly, be as the 
produdl of the fquares of the velocities, and of the Iquares of the fines 
of the angles of incidence, multiplied by the area of the plane, which re- 
ceives the fhock : I fay, nearly, for it may happen that tne fhocks are not 
proportibnate to the areas of the furfaces that' receive them •, for inftance, 
a.furfece of double the area may not receive exadlly double the fhock, 
on account of the greater or lefs difficulty with v^^hich the particles 
retire after having accomplifhed their fiiock. 

Be that as it will ; if the preceding rules be admitted, we need only 
make fome experiments on « the fhock of the fluids, by which we may 
judge of the force of the* fhock: in all other cafes. It may- be admitted as 

aprin- 
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a principle eftabliflied by experiments, that the perpendicular fljock of 
fait water, whofe velocity is one foot in a iecond» upon a furfuce of a 
foot fquare, will be nearly equal to one pound fcven ounces. If the ve- 
locity be greater,the impulfion increafes in the duplicate proportion : If the 
furfaces be greater, the effort is in proportion to their areas, and, laftly, if 
the (hock be oblique, the ioapulfion changes according to the fquare of 
the fine of the angle of incidence, . 

Upon the whole, if the velocity of water, or of any other fluid, be 1 

known, we need make no doubt about determining the forcc^of the fliock ; 
but it is not fo with refpeift to the wind. The denfities of the air arc 
very variable, and are feldom fufficiently known ; fo it will be better to 
endeavour to determine the force of the wind immediately, without per-> 
plexing ourfelves to deduce it from the velocities. There have been 
feveral inflruments contrived by the ingenious for this purpofe ; to thofe 
who are not furni(hed with any, I recommend the following, which ia 
very fimple, and I found it very ufcful in pradice. 

This Anemometer, is only a piece of light pafte-board applied to a fort 
' of fteel yards, which performs its office by a fpring. The paftc board 
A B D E, Fig. 1 1, is 6 inches fquare, fattened to the rod C F, which is 
put into the pipe F G, and refts on a fort of fpring in the bottom of the 
pipe ; the piece of pafte-board being placed diredly againft the fliock of I 

the wind, the rod C F will prefs the fpring with greater or lefs force, in I 

I proportion to the impulfion of the wind. There is a rowler at F, in the I 

{ mouth of the pipe, on which the rod C F moves, to take oflF the fridion. 

I The rod being graduated, we have the quantity of the impulfion of the 

wind, in pounds and ounces, in the fame manner that the fteel-yard 
gives the weight of any thing elfe ; but as the wind may be variable, i 

the impulfion may move the rod backwards and for wirds ; fo, to eilimate 
the quantity of the impulfion, we muft take a mean, betwixt the leafl 
and greateft. One of the principle advantages of this inftrument is, that 
.we need only place the pafte-board parallel to the furface of the fails, 
without regarding the obliquity of the ftiock, by this means it will be 
^ eaiier to determine the quantitiy of the whole impulfion that makes the 

J ihip fail, and, from that, be able to judge whether the mafts will be in 

8 danger. I prefume it will not be fefe to charge a foot fquare, with a 

weight of fix pounds. In France^ the velocity of the wind is about 50 
feet in afecond, if it be in winter ; but if in fummer it will be about 60 
or 63, and ftill more^ over all the torrid zone. This is only its relative 
velocity, which it has with refped to the fliip, whereas, its abfolute ve- 
locity is much greater, and is fufficient to overfet the fliip, and if on land 

would 
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^ould overturn houfcs, and tear trees by the root out of the ground. The 
reafon of what our author advances here, I take to be, that the houfes ot 
trees do not go from the wind j whereas, the maft of the fliip, before it 
breaks, forces the fliip a head, and as it were, runs away from the ftroke, 
which cannot be the cafe of any thing that is faftencd in the ground. 

The Anemometer may likcwife ferve to meafure the effort of the water, 
as well as that of the wind. In the builder's yards, where they have 
every thing that is needful for the purpofc, they may eafily make a fmaU 
bow of wood, fimilar to the bow of the fliip, and then, inftead of the 
pafte-board A B D E, Fig, 1 1 , fix this fmall bow to the rod C F, which 
being expofed to the fhock of the water, we (hall then have the quantity 
of the effort in pounds and ounces ; we may fee, by the diredtion of the 
rod, in what diredlion the bow receives the fliock. Laftly, we may re^ 
peat the experiment, by expofing to the fliock of the fluid, a plane equal 
to the bafe of a conoid, which reprefents the fmall bow 5 by which we 
fliall percceive how much the fliock of the fluid is lefs on the bow, than 
on the midfliip firame. Thefe mechanick experiments may help us td 
Judge of the impuKions which furfaces receive in mod cafes ; but the gene- 
ral method is, to reduce the impulfions which curve furfaces receive, tcf 
thofe which fall on plane furfaces, in order to which the curves mufl: 
be divided into fuch a number of fmall parts^ that they may be deemed 
ftrait. 

In the third chapter, the impulfion of fluids, on difFcfent figures, if 
confidered ; at firfl on a bow formed by two flrait lines. 

Let the bow BAD, Fig. 1 2, be formed by the two flrait lines A B, 
and A D, and the direction of the (hock be in an infinite number of lines 
parallel to the axis A C. The angle of incidence will be equal to the 
angle B A C, or to half the angle BAD, and, if we multiply each fide 
A B and A D, by the fquare of the fine of the angle of incidence, we 
fhall have the whole abfolute impulfion which exerts itfelf on each fide, 
in the perpendicular diredtion of the line E F 5 let this be reprefented by 
the fpace E F, and form the parallelogram E G F H, The fides E G 
and F H, are parallel to the axis A C, and the other two fides perpen- 
dicular to it. It is plain, that £ G and F H reprefent that part of the 
impulfion which exerts itfelf in a diredtion parallel to the axis ; and it is 
as plain that it will be lefs than the abfolute impulfion, in proportion as 
B C is lefs than A B. Since the triangles ABC and F E G, are fimilar 
B C : A B : : E G : E F ; fo, infl:ead of working for the abfolute impul- 
fion on the fides A B ai)d A D, which partly defjtroy qne another,, we 

wed 
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need only work for the direct relative impulfions, which adl in the 6U 
rc<^ion of the axis, and mutually aflift one another- but we muft not 
multiply the fquare of the fine of the angle of incidence by the length of 
each fide, A B and A D, for this would give us the abfolute impulfion > 
we muft multiply the fquare only by C B, or C D, By this means, we 
have the two diredl relative impulfiofis ; and then, if we multiply the 
fquare of the fine of the angle of incidence, by the whole bafe BD, we 
fliall have the relative dircft impulfion on the whole bow. 

If the angle at A, formed by the two fides, be 60 degrees, .the angle 
of incidence will be 30 5 and its fine, being half the fine of 90, the fquare 
of this fine will be four times Icfs ; whence the dire6t impulfion which 
the bow receives, will be but one quarter of that received by the bafe 
B D, fince the angle of incidence is 45 degrees, and the fquare of it is 
half the fquare of the fine of 90 degrees. 

He then confiders the impulfion of the water on a bow, formed by a 
femicircle, and like wife on a. parabolick bow, which concludes the 
chapter. 

In the fourth chapter, he gives a general method of finding the Im- 
pulfion on curve lines, which he introduces with the following preface. 

The impulfion of fluids on feveral other curve lines may be had by 
an analyfis purely geometrical ; but it will be neceflTary to have rccourfe 
to algebra in thefe refearches, as it is only by this means we can extend 
Qur views 5 for what is proved this way will be univerfal. We conceive 
then, that, inftead of dwelling any longer on an examinatio^n which can 
only be applied to particular cafes, we fhould afpirc to make our difco- 
veries general, which may be applied to all forts of curve lines that can 
receive the fhock of fluids. 

Of the Impulfion of Fluids in refpeSi of the Axis^ 

Let BAD, Fig. 13, be a curve line ; A C its axis, A B and A D the 
two branches perfcdlly equal 5 let x be the variable parts, AC or A H 
of the axis, and let y be the correfponding ordinatcs B C and EH; let 
dx exprcfs the infinitely fmall parts Hi6 of the axis, and dy exprefs 
E F, the difference of the ordinates. Again, that I may not have occa- 
fion to return here a fecond time, I fuppofe the fhiid to move in the ob- 
lique diredlion of the lines L ^ I, L ^ I, which make the angles F ^ I 
with the axis of the curve, or with the line ^F, which is parallel to the 
axis. Let n r eprefcnt the fine of 90 degrees, m the tangent of the angle 
Yel\ theft y/^^-f^* will be the fecant of the fame angle. 
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The angle F ^ I is die oblique angle the fhip*s true courfe makes with 
the keel, or the lee- way 5 now, fuppofing the curve B A D be the projec- 
tion of the bow upon an horizontal plane, and A its extremity, the 
angle of incidence will be E ^ I, and will be greater on that fide of the 
the curve where the fluid ftrikes it more directly, than on the other fide, 
where it is more oblique. From the point I, let fall the perpendicular 
I K, on the fmall part Ee, fo fhall I K be the fine of the angle of in- 
cidence to the radius e I. 

In order to find I K, the fine of the angle of incidence, our author has 
a very intricate algebraick invefi:igation, by fluxions, and as it may 
be prefumed, many of our readers are not fo well verfed in algebra as to 
follow him in thefe deep refearches; I (hall endeavour to explain the 
whole by right angled triangles. 

All that he propofes by this long procefs, is, to find I K, the fine of 
the angle incidence £ ^ !• 

The angle Fi'I, the lee- way, is given, which fuppofe 11^ 15'; then 
the angle F I ^, its complement, will be 78^ 45'. 

Let E F be 40 equal parts, and F ^ 50 equal parts ; then E F : F ^ : : 
R : tan. angle I E K = F £ K, now fubtradting the angle I E K from 
90 degrees, we have the angle EI K, and this laft angle fubtradted from 
the angle F I ^, there remains the angle K I ^. The angles being thus 
found, our next bufinefs is to find the fides £ ^, K I, and e L 

In the right angled triangle IF^, Rrfecz. F^I::F^:^I; again, 
in the right angkd triangle I K ^, R : fine A I ^ K : : ^ I : I K, the fine of 
the angle of incidence. Lafi:ly, to find E e, the fmall portion of the bow 
which receives the fliock 5 in the triangle F£f, Rifcc^lFE^:: 
T e : Ee. See this operation by the hgaritbms. 
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HaTing thus found t K> the fine of the angle of incidence^ and B t t))e 
part which receives thq fhock^ multiply this laft» by the fquarc of the 
angle of incidence;^ and the produa will be the tbfolute itopulfion^ as by 
tSie logarithms^ 

IK 1.591119 
2 

3.182238 
E t 1.806327 

4-9*8565 

The atogle of incidence, on the other fide^ will be 27^ 25'^ the floe o£ 
which we may find by the (ame proportions. 

I ihall only remark on the whole, that our author fuppoTes the angle 
of the lee-^way to be known, on which the refult of the whole procef&^ 
depends } and as there is yet no expedient found to afcertain that angle^ 
even to a quarter point of thecompals. it is to be feared we (hall gain very 
little by this general rule,therefore it is needlefs to detain oar readers on this 
fubjeft, as the conclufiona drawn from theoi are no ways to be depend^ 
ed on. Our author indeed attempts to determine the iee^way^ which 
we £hall confider in its proper place. 

The inference he gives, from the preceding procefs, is the refolutioa 
of this furpriting paradox, as he calls it, which is, that the relative direct 
impulfion depends neither on the nature of the curve which receives 
it. nor on the length of the axis A C, but only on its extreme breadth 
BD. 

Let the curve B A D be an arch of a circle, parabola, or hyperbola ; let 
it be a geometrick or mechanical curve, ^c. io the breadth continues ftill 
the fame ; the impulfion it receives, in refpedl of its axis, by a fluid which 
ftrikcs it at qn angle of 45 degrees, will always be the fame, and equal to 
half the fquare of the fine of 90 degrees, multiplied by D B the breadth j 
in other words, it will be half of that which D B would receive, fup- 
pofing the fluid (hould ftrike it perpendicularly ; fince that ftrait line 
may be confidered as the curve BAD, fuppofing the axis to be in- 
finitely fmalL 

Admitting all this, our author does not tell us how to apply this to 
'^ the formation of the Chip's body, nor yet how his angle of 45 degrees is, 

to be found. 

In his fifth chapter, he confiders the impulfion^ of fluids on curve fiir- 
faces, particularly on a conick bow, and on a cdnoidale bow, formed by 
the revolution of an arch of a circle, which he inveftigates algebraically, 

and 
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from tihenaft idbi^ tfaata bow. £>rmQd by half tberevotmiaA ^ « 

^|uarter of a circle, meefes with double the refiiUnce in an boristontal that 
it does in the vertical, and conclude«,that byconfuUing the trigonQOKtrical 
tables^ we Hiall find the whole or abfolute refiilance, which is compofed 
of thefe two relative impulfions, exerts itfelf in a direction, which mak$9 
an angle of about a6^ 34' with the horizon. 

In his fixth chapter, he gives a n^thod to find the Impulfion on curve 
furfaces, by dividing (hem into a number of equal parts, which may be 
deemed plain furfaces, for which we refer to our Appendix, tranflated 
from M. DubamePi extrads* 

In his feventh chapter, he has fome remarks on |he change of tho 
impulfions on curve furfaces, when the fluid alters its dire&ion, and ob- 
ierves, that without perplexing ourfelves with examining all the obliquo 
courfes a (hip may fail, it will be enough to calculate the reiiftance» 
when fhe fails in the diredion of the keel. It is certain, fays he, that 
the angle the ihip's courfe makes with the keel amounts to an angle of 
45 degrees or 54^ 44', to loofe the advantage of the figure, and ftill 
lefs, to change it to a difadvantage* I have, continues our author, in a 
memorial, communicated to the Academy of Sciences in 1733, proved 
this truth a pofieriori. When a plain furface, exactly circular, is expofed 
to the perpendicular fhock of a fluid, the nature of fuch a conoid that 
ihould cover it in fuch a manner, as thereby to meet with the leaft pof- 
fible refiftance, has been difcovered long ago ; but this is limited to per« 
it&, conoids alone, and befides there is room to believe that it will not be 
the fame in a direct and oblique courfe. In order to clear this point, 
which has embarrafled the greatefl: mathematicians, I not only afiumed 
any figurt for the bafe, but even fuppofed the fluid to ftrike it obliquely, 
and was well recompenfed for my labour, for I thereby difcovered, that 
tho' the conoids of leaft refiftance be diflerent for different bafes, yet it 
will be the iame thing in refpefk to the impulfion, whether the courfe 
be dired, or oblique to the keel. Hence, fays he, we may be excufed 
from calculating the refiftance in oblique courfes, for it may be attained 
by calculating the refiftance in a direct courfe. We prefume, our author 
means, whatever be the form of that bow that will meet with leaft refif. 
taoce in a direct courfe, will likewife be the fqrm of that which will 
meet ^th leaft refiftance in oblique courfes. 

In the eig|it chapter, he purfues the fame fubjedfc, and confiders tha 
lateral impulfion, which he concludes with the following remark. 

The bow that meets with leaft refiftance in a direct courfe, not only 
meets with leaft refiftance in oblique courfes,but is that like wife which isleaft. 

Ga fubjeft 
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ibbjed to drive to the leeward^ which is a double advantage gained B^ 
forming the bow fo as to give it that figure which will meet with Icaft 
refinance in moving thro' any medium. 

We have now given our readers a fpecimen of our author's method* 
of examining the laws which the fluids obferve in their (hock ; the winc^ 
in ftriking the fails ; and the water in (Iriking the fore part of the (hip^ 
which he comprrfes in the firft fe£tion of his third Book. He proceeds,, 
in the fecond fedion, by the fame method, to attempt a general folu«» 
tion to all the problems relating to working a fhip. 

In the firft chapter, he confiders the velocity of the fliip's- failing, ii> 
proportion to the velocity of the wind. 

It has been^ always fuppofed, continues our author, that the velocity o^ 
Ae (hip has no proportion to that of the wind. M. itOm-en^Braywa^ 
the firft who thought this fubje<a worthy of our attention, and it feems^ 
has defigned to referve the rcfolution of this queftion to himfelf ; the 
principles he was to proceed upon, can only be executed by experiments 
taken at fea ; but I attempted a dired^ folution of the problem ; and, con-^ 
tinues M. Bcugwr^ as this is entirely my own^ I AkiII giv« the following 
account of it r 

Let a (hip be 163 feet in length from the ftem to the ftern-poft^ tho 
exreme breadth 44 feet 9 inches from out to out. I found the area of tho 
vertical fe<5Hon perpendicular to the keel to be about 691 fquarc feet; 
This fedlion would receive the whde impulfion of the water, fuppofingt 
tibere was no bow; but by reafon of the convexityof the bow, the im-* 
puKion will be much lefs;- the only difficulty will- be to- determine ho^v> 
much lefs it wHl be. 

In examining a fmall (Kip at Croific^ I found the (hock- of the water« 
on the bow to be one fixth and an half of that on the plane of the ver- 
tical fedlion; The area of that plane carefully meafured was 6687fquarc» 
inchcs's thehnpulfion it received- 66, 870,000,* whereas, by* dividing the 
bow into 18 triangles, and adding up all the particular imj>ul(ions of each 
triangle, the whole fum was 1 0,24 5,73 5>near4y the 6tpart of 66,870,000 5- 
for 10^24^,735 x^ 6i ==-66,597,277.5. 

I imagine that in (hips of war it will be lef^j and may be reduced to 
the ninth part, (b that we may takp 77 inftead of 691 fquare feet for the 
area of the midfhip framed But having occafion myfelf to vifit our fea* 
ports, a«d to know the form of our great (hips^ I was forced to acknow- 
ledge that the (hock on the bow was only one quartcr,or at moft one quarter 
and an half of that on the mid(hip frame. This great difference betwixt 
the large (hips^ and the conoid of leaft re(]iftanGe;^ i$gccafioned from this^ 
• The 
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The conoid diminidies gradually from the extreme breadth, at the middifp' 
ftame^ which is its bafe ; whereas, in fhips, the whole breadth is conti- 
nued for a confiderable fpace, and then diminishes fuddenly ; which wilF 
have the fame efFcft, as if the bow were (horter, or had Icfs rake. In fine,, 
according to the prefent form of our fhips, if the area of the midfhip 
frame be 691 fquare feet, we may account about 150 fquarefeet for that 
which receives the relative diredt impulfibn. 

We muft now confidcr the effort of the wind upon the faiFs ; the area 
of the three fails on the main-maft, (hould be about 1 03 1 6 fquare feet,^ 
and if the wind be on the quarter, moft of the fails on the fore-maft will 
bear a part of the impullion, on which account we may add one half more^ 
fb we have 1 5474 fqu<ire feet for the area of the fails that receive the 
ihock of the wind ; which fliould be equal to the impulfion. of the 
water on 150 fquare feet, as was before proved, to which the bow is fup- 
pofed to be reduced;, befides the denfities of the two fluids fhouldbe 
confidcrcd;, for if one fluid be double or triple the denfity of another, or> 
which is the fame thing, if it be double or triple the fpecifick gravity, then 
the (hock will have double or triple the force. Mercury, for example^ 
with the fame velocity will give an impulfi^on with fourteen times more 
force on an equal furface, than water ; becaufe Mercury is fourteeni 
times heavier than water, and' for the fame reafon water will make an 
impulfion 576 times ftronger than the wind, becaufe as M. Mdriotte ob--^ 
ferves, water is 576 times heavier than air, and their impulfibns are as 
the fquares of their velocities. All this being admitted, let the velocity, 
of the fhip be 100, then i 50, the fquare feet that receives the impulfion: 
of the water, muliplied by 576 the denfity of the water, and this produdl*: 
by 10,000, the fquare of the velocity, we have 864,000,000,. which ex- 
preiTes the impulfion of the water on the bow ^ and' this (hould beequafi 
to. the impulfion of the wind on the fails^that is to 15,474 fquare feet;, 
the area of the fails multiplied by i> the denfity of the. air,, and this pro- 
dud multiplied by the fquare of the velocity of the wind, fo if we di- 
vide 864,000,000, which is the impulfion of the water by 15,474, the: 
area of the fails, multiplied by 1,. the denfity of the air,, we Ihall have. 
55,83 5, the fquare of the velocity of the wind \ the fquare -root of which, . 
is nearly 236. As this is only the velocity with which the fails are 
firuck, we muft add to that,, the wh^le. velocity of the fliTp, which'i 
makestbeabfolute velocity of the wind 336 J; hence, the velocity of the. 
wind is to that of the (hip's failing, as 336 is to.iooi It muft be rcr 
marked, that if inftead of 576 we take 1 100 for the fpecifick gravity of:* 
water to thatofair, we (halliiad the velocity of the (hip to that of thcj 

wind;, 
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^srand^ as roo is to 419 ; we fhall take a mean betwixt thefe two^^ be^ 

caufe 576 and 11 00, compared to unity, are near the limits of the pro* 
portion the denfity of the air bears to that of the water. 

From the whole, we may conclude, that the beft failing fhip*s go wkh 
two fcvenths of the velocity of the wind ; when the wind blowcs two or 
three times ftronger, the, impulfion will be four or nine times ftronger^ 
but the (hip will iail only two or three times fafler, becaufe the impul- 
iion of the water will be four or nine times ftronger. Notwithftanding 
all our author has faid on this fuhjeft, he tells us it cannot be ftridtly ap- 
plied to all forts of (hips, fo that the beft that can be faid of it is, that it may 
be an approximation, but feems to be of very little fervice in forming a 
ihip's body ; I ftiall therefore, only mention the heads of what he fays ia 
the following chapters, with fome remarks as they occur. 

Chapter IL Of the changes which the motion of the furfaces pro- 
^duce on the ftiock they receive. 

The impulfion, fays he, will be confiderably Icfs becaufe the motioa 
of the furfaces makes the fluid, as it were, loofe a part of its velocity ; he 
concludes this chapter with examining the fails of a wind-mill. 

Chapter III. Of the changes which the motion of the ftiip will pro- 
duce on the force and apparent direction of the wind. 

Suppofe, fays he, the velocity 50 feet in one fecond, and the force oa 
afoot fquare fix pounds j the area of the fails 15,474 fquare feet being 
ilruck perpendicularly, will receive an impulfion of 92^844 ; but, fuppo- 
fing the angle of incidence about 19 and a half degrees, the fine of wnich 
is one third of the radius, the impulfion will thereby be diminiftied to the 
ninth part ; and if, by the motion of the ihip, the velocity of the win4 
be diminiftied to 25 feet in a iecond, that is, to half the abfolute veloci- 
ty, the impulfion will be four times lefs, and, confequently, the whole 
will be 36 times lefs, and reduced to 3863^ pounds. 

It is plain our author fuppofes the abfolute velocity of the wind, the 
angle the wind makes with the meridian, with the keel, and with the fails^^ 
to be given, and likewife the angle the fails make with the keel, and the an- 
gle of Ice- way > hence the conclufions deduced from fuch uncertain data 
muft be more uncertain j our readers will, therefore, we hope, excufe us for 
omitting the application. We fliall only obferve, that in calculating the 
Jangle of lee-way, he condemns the common vanes, which, he iays, de- 
ceive us very much in determining the angle the wind makes with the 
fails, and recommends a quoit, fuch as children play with, as better a- 
dapted for that purpofe than any other inftrument hitherto invented, 
Tae principle firom which he calculated the lee-way, is, fuppofiug ths 

^glc 



Digitized by 



Google 



«i»g!e t&c faHs make with the keel be 6a degrees, and the Ice- way; at the 
feme time, four degrees, from thence he proportions the l^e- way to all the 
Mgles the fails make with the keel to 30 from 90 degrees. The experi- 
ence of all mariners is fufficient to confute his theory, and, it may be pre- 
filmed) the rules given in our Eng/i/b navigation books, by allowing the 
ke-way in proportion to the fail a fliip carries, may be much more de- 
^nded on, as they have been calculated from the journals of the ex- 
perteft mariners ; for,, after all his refearches, he refers to experience to findi 
WA this angle of four degrees, which he calls the lee-way ; and tells us, the 
mariners find it. by fetting the (hip's wake in the water. This has beea 
die fubjed of his IVth chapter ; and in 

Chap. V. he treats of the different velocities of the fliipi in different 
oblique courfes, and from his procefs infers, that, in order to double the 
velocity of the fhip's failing, (he muft fpread fixteen times more canvafs*. 

The Vlth and Vllth chapters contain the confbrudtion of tables to af- 
certain the velocity of the (hip's failing, which concludes the fecond. 
i£<%ipn. 

In the third fe^lion be ccmfiders the (hip with refpedl to her proprietjp 
af (leering well, either by means^ of the rudder, or of the fails. 

The firft chapter is upon the fituation and number 6f mafts> and on the: 
0(}iiuibrium, which (hould fubfift betwixt the head, and after (ails, out: 
af which we (hall make the following extradls. 

The principle, fays our author, having been already cftablifhed, touch- 
ing the equality and perfect oppofition which (hould fub(ift betwixt the: 
impuWion of the wind,^ and the impulfion of the water^ we may, fromti 
thence, deduce a fucc method for placing the mafts. If the (hip has but one 
maft, it muft be, of ncceflity, in the point Cy,Fig. 14, which is the in- 
tcrfcdion of the direftion of the (hock of the water with the keel, in^ 
oblique courfes j but if in place of one we put more mafts, they muft be 
before and abaft the point C, in Zand Y, fo that the fails on each fide 
Aat point be in equilibrium ; it is of great importance to determine this, 
point C. According to the ordinary form of our (hips, the line of. di- 
ifc<aion FG interfeifts the keel in about two ninths of the length from^ 
afore, or nearly five fixteenths of the whole length of the (hip ; that is,, 
let B A, the length from the head of the ftem to the poft be 160 feet, 
e A will be about 50, this will not anfwer in all (hips. If the (hip be: 
formed by two cones joined at the fame bafe,. one for the fore and the: 
other for the after part; the fore part five twelfths and the other part: 
feven twelfths of the whole length, and the extreme breadth one quar- 
tet of the whole length, C A. will, then be about 487 of thewhole: 
" - kngthji 
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Jength ; but if thic breadth D F be the fixth part of the length A B, thcii 
C A will be only the 46th part of the length. 

It muft be remarked that thefe kngths agree only to the point C in 
its firft fituaiion, or firft oblique courfes. 

Withouc being at the trouble to find this point by calculation, it may 
he done by a fimple experiment, on a model of two feet long, or on a 
ihip alr-eady built, by hauling it in the harbour with a tow line fattened 
to one fide of the bow ; if this line be produced it will intcrfed the keel 
in the required point C. This point being once determined, we can place 
tut one raaft in that point, or if it be rcquifite to have more, they muft 
be placed on each fide in fuch a man.^er as to prcferve an equilibrium 
betwixt the fails ; for inftance, if we place the mart in Y, at lefs thaa 
tlie tenth part of the length from the center of effort C, without altering 
the other mafts, the fails muft be enlarged in the fame proportion the 
diftance from the point C is diminiflied 

It may be demonftrated, that (hips that are built on purpofe for failing 
Aould be made confiderably longer, or which is the fame thing narrower^ 
at the iamc time the fails muft be narrower 5 and then we may have 
four inftead of three ftanding mafts 5 it is only by experience we (hall 
difcovcr if the thing be pra<5licable ^ but they muft be fo placed that the 
total of the moment of the head fails be equal to the total of that of 
the after fails, on each fide of the point C : We may eafily difcover if 
the equilibrium betwixt them fubfifts. 

The area of the main and main-top-fails of a fhip of the firft clafs is 
about 9500 fquare feet, and that of the fore and fore-top-fails, about 
8040, nearly, in an inverfe proportion to their diftances from the point 
C and multiplying each area by its diftance from the point C, we have 
dieir refpeftive moments. The diftance of the main-fail from C is 32^ 
X 9500 makes 306,375 its moment, and the diftance of the fore-iail 
38^ X 8040 makes 309,540 the other momenta 

We may without doubt narrow the fhips confiderably, if we be allow- 
ed to increafe the number of the mafts ; if we have four mafts the fore- 
maft Z muft be as near as poflible to the point A, the extriemity of the 
bow, and two njain-mafts, one in P, if poflible before the point C, and 
the other in Q abaft it, and likewife abaft the middle of the ftiipj the 
fails of thefe three will be in a perfefi: equilibrium, or which is the fame 
thing, the moment of the two firft will be equal to the , moment 
of the third, obferving, at the fame time, to make the fpace P Q, a 
little more than the fpace P Z, nearly in proportion, as the fum of 
ijbe areas of the two main-fails is more than the fuqi pf th? area9 
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\>t the other main-fail and fore-fail. Laftly, the mizerf-mafl: muft 
always be in Y, or a little further aft. Thd ufc of the fail on this 
maft is to preferve the equilibrium, when the fca takes the fliip on 
the after-poft, fo that the point C comes nearer the middle of the (hip. 
The fails on the bowfprit have likewife their proper ufe and have a con- 
trary efFeft to that of the mizen. 

Our author then tells us, that if we pufli this to the utmofl rigopr, 
we may, inflead of four, have a great many flanding mails, and gives us 
a rule for placing them properly 5 but as it may be prefumed this is an 
experiment that will fcarce ever be tried, I fhall omit it. 

The fecond chapter is on the figure a (hip fhould have in order to 
make her fleer ptrfedlly well with her fails^^ of which we here fubjoin 
fome extradsi 

The only means, fays our author, to attain this is to make it fy thai 
I C, Fsg. I c, the direction of the fhock of the water in the oblique 
tourfes, fhall always pafs thro* the center of gravity G : This has put the 
builders under a necefSty of making the fore part full, tho' they alledge 
a quite contrary reafon for doing it 5 which is, that thereby a (hip will 
divide the fluid with a greater eafe ; and to prove this, they tell us that 
fifhes.are broader at the fhoulders and head, than at the tail, and that a 
mafl will tow befl with the butt end foremofl ; thcfe pretended reafons 
have gained fuch credit as to be adopted by feveral eminent mathema- 
ticians ; but they do not confider that the author of natuse created 
fiihes, living creatures, with a head, ftemach, &c. and it is not certain 
that their form is the properefl for dividing a fluid, fince perhaps they 
mufl loofe fome part of that advantage, in order to gain fome other of 
which we are altogether ignorant. As to the mafl, the only reafon for 
towing it butt end foremoft, I think, is, that the rope may not flip over 
the end ; but, continues our author, we may reconcile the whole,, by 
faying, that this form is proper, not to make the fhip fail ^fler, for we 
are fure it will have a quite contrary effedl, but to make her fleer well. 
It happens unluckily, that we mufl loofe a little of the firfl advantage to 
gain fome of the^other, and as we have not arrived at that perfedion, to 
ballance them perfectly, becaufe they are of different kinds, we muft 
have recourfe to experience, to ^ifcover the proper mean betwixt the 
two : Notwithanding, our author feems here to think that making a 
fliip full before fhould not be, becaufe the form would thereby refemble 
that of fifhes; yet, in Page 59, he telfe us the midfhip frame 
fhould be placed at five twelfths of the length fiom afore, and gives for 
one reafon, that thereby the immerged part will better imitate the 
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figure of lifhes ; and here, after all fais laborious calculations^ refers nsnt^ 
experience, which may poffibly give it contrary to his theory. 

He afterwards propofes Noah's ark, or the Cbinefe junks, as beft 
formed for fleering, tho' not for failing ; and, befides, they will be very 
fubjefl: to drive to lee- ward ; and the like may be laid of any other form 
which will make a ihip ftecj well j and this he endeavours to prove by 
confidering a ftiip formed by two cones ; he chufes that figure not only 
to render his refearches more fimple, but becaufe, he fays, that figure 
differs little from the form of the folid of leafl refiflance. The inference 
he deduces from his algebraick procefs, fcems to be only this, that thefc 
two properties of fteering well, and failing fafl, are incompatible ^ and, 
therefore, we mufl part with a little of the one, that we may not loofc th^ 
whole of the other. I fhall only remark, that the mariners have adapted 
a direA contrary maxim, that is, that a fhip that goes well, will undoubt- 
edly fleer well, which has been confirmed to them by experience. 

In the third chapter, he endeavours to determine the exad point 
where the extreme breadth fhould be placed, to render the fhip more 
fenfible of the power of the helm. 

Many mechanicks, fays our author, have long ago difcovered, that when 
a power is applied to the extremity of a rod of e<jual weight throughout, ia 
order to make it turn, the point of rotation will be about two thirds of the 
length; the rod being fuppofed of equal weight in all its parts } from whence 
our mariners infer, that the extreme breadth of the &ip Ihould likewife be 
two thirds from afore, without confidering the cafe may be different. It 
has been the general pradice to have it at that place^ tho' they have 
by degrees drawn it nearer the middle, to render the bow fliarper, and 
diminiOi the refiflance ; but it is certain, that, by fuch a change, they vo-y 
much afiiil thea^flion of the rudder, and herein is one of the particular 
circumflances, where we had better be entirely governed by experience, 
than by theory which continues impcrfeft, becaufe it has not been pufhed 
to a fufficient pitch > however, after a Ipng algebraick procefs, he infers,, 
that it fhould oe placed neither at the middle, nor at two thirds, but near-* 
ly betwixt thefe two points^ or about the twelfth part of the whole 
length beforp the middle. 

In the fourth chapter is his method of knowing if the (hip, that is 
propofed to be built, fhall fleer eafily ; or an examination of the motioa 
which a body fhould take, when two powers exert their force, in con-t 
trary diredlions, to turn it on different fides. ; 

The fifth chapter is only the fequel of the preceding, and, after exa- 
mining the quantity and pofition of « the f^ils, he concludes, that in that 
article, they had too much regard tQ the failing, to the prejudice.of her 
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fleerage ; to remedy which, he fays, we moft cither give th6 fhlp rtiort 
head-fail, or if fhe is not yet framed, carry the midfliip frame farther 
forward. This ends his third fedkion. 

In the fourth fe^ion, he examines a (hip with refpedt to the qualities 
beft adapted to make her carry a good fail, in eight Chapters. 

Chap. I. Of the mutual vertical effort forgied by the united impul- 
iions of the wind upon the fails, and the water on the bow. 

Chap. II. Of the diiFcrent ftations of the (hip, occafioned by the mu-^ 
tual vertical (hock of the wind on the fails, and of the water on the bow ; 
and the conditions requifite for properly mafting a (hip. 

Chap. III. General principles to determine the grcateft height tlie 
mafts may have, fo as not to be in danger of being difmafted, with 
(brne remarks on the power a (hip of each cla& has to carry fail. 

Chap. IV, Thefequel of the preceding ; to determine the limits of the 
higheft maft, and the application of that rule to a (bfp of the firft clafs, 
and the Gazek frigate. 

Chap« V. After anfwering fome objedions, he examines what di« 
menfions of the fails (hould be enlarged ; and if proper to make tho 
mails of a (hip of different heights. 

Chap. VI. To determine the moft ac^vantageous iet of ma(l» for a 
(hip already built, the draught of water being afKimed at pleafure. 
. Chap. VII. Of the form a (hip (hould ^ve in regard to her girt, 
beft adapted to make her carry a good fail, and go faft thro' the water. 

Chap. VIII. Of the girt of a (hip, in rcfpcft of her length, moft con- 
ducive to make her carry fail, with the means which may increafe the 
velocity of her failing to a very extraordinary degree. 

Our author fuppofes the following particulars to be known^ or at leaft 
attainable, by his preceding rules : 

I ft. The diredtion in which the (hock of the water ftrikes the bow : 
This exerts it(elf in a double capacity, for it not only endeavours, by the 
re(iftance, as it were,, to pu(h her a ftern, but Jikewife lifts up the bow ; 
this angle, in his calculation, he fuppofes to be 48'' 20 V which the line 
D H, Fig» 16, makes with the horizon. 

2d. The line S K, reprefcnting the dircftion of the wind on the (ails, 
that is to fay, the.angle that line makes with the horizon ; for tho' the* 
wind always moves nearly parallel to the horizon, yet the impulfion on 
the fails is in a perpendicular to their furface, and if we confider the 
whole as united in. I, the middle of the fail, the impulfion will be in a 
direction, perhaps not parallel to the horizon. 

3d. The whole force of the (hock of the wind on the fail, tvhich, he* 

faySa may be had by an Anemometer. . -;« 
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4th. Tbc point N, which he calls the veltque'\ to determine whichf. 
we arc to eroil a perpendicular V T to the water line, to pafs thro* the 
center ot gravity Y ; the interfcdion of this line, with the lincDH,, 
will give the point N, thro* which S K mufl pafs ; and when the center 
of the effort of the wind paffes thro* this point, we may, without run- 
Ding any rifk, give the fails what extent we pleafe ; it is prefumed, 
our author means, this ihould be in the middle of the main-fail, but, he 
iays^ if the mafl: be higher, it may be of dangerous confequence. 

5th. The center of gravity of the immerged part, the center of gravity 
of the whole (hip when loaded^ and the metacenter ; likewife their po(i^ 
tions and refpe^^ve diftances from one another^ 

6tl)» The weight of the whole (hip when loaded, and the exa£lr 
draught of water.. He fuppofes, in a nrft rate, the center of gravity to. 
be two feet below the metacenter, and the center of gravity,, by the in« 
clination of the fhip^to be moved four inches from the vertical pafling 
thro' the metacenter, in which it was when the (hip was upright ; he . 
likewife fuppofes the greateft inclination in a (hip of the fird rate to be 
9^ 30^ The inference deduced from thefe data is in page 564, that 
^ips that are built on purpofe for failing cannot be too narrow^ fo theic. 
length be prefer ved^ and aflerta^ (hat to have a (hip abfolutely perfect, (he 
muft be infinitely narrow^ on which account (he muft have an infinite^ 
numbec qf mafta and (ails,, and,, in page 566, he. a(rures us that a frigate, 
which is 18 or 19 times longer than (he is broad, will fail fafter than the> 
wind, and.if it were permitted to reduce her. to half the breadth, if then 
the wind (laikes the fails in a perpendicular direction, the fails^ at the^ 
fame time making an angle of 19^ 30' with the keel, the (hip will thea^ 
fail with a,veloQity not only equal to the wind, but with a velocity a 
third or fourth part greater than that of the wind. I (hall not take., 
upon me to follow hini< in thefe deep refearches,. but refer our readers to 
the original, as it is fcarce poiUble, at leaft probable, that this fhould' 
^ be ever reduced to pradice, and fg have, the theory confirmed by ex-, 
perimeots^ 

In the fifth and laft fedion, he confiders afliip, with,refpe(a to the- 
velocity of her (ailing, and the qualities aece(rary to. make her keep a 
good wind^,and drive but little to lee? ward in oblique courfes. This: 
takes up ten chapters. 

Chap. I. An examination of the (impleft: figures- which receive the 
leaft poffible re.fiftance from the mediums through which they move, 

A table of the dimenfions of an angular; and recStilineal bows, in an ho*^ 
rizontal feufe, which meets with leaft refiftance in pidiing through the. 
water. 

I Chap.IL 
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Chap; n. Of the conoid bow, which meets with the baft poffibfe 
rcfiftance in dividing the fluid. 

A table of the dimenfions of fuch a conoidal bow. 

A table of the dimenfions of a new conoid, which will meet with 
Itaft refiftance. 

A table of the dimenfions of two conoidals, which meet with little 
cefiftance, only when they are not wholly immcrged. 

Chap. III. A bafe being given, to find the figure of that folid which 
fliould cover it, fo that it fliould meet with the leaft poflible refiftancc: 
in: pafling through the^ water. 

Chap. IV. Of the formation of fcveral other bows of leaft rcfiftancci 

Chap. V. Of the bow of greateft velbcity, or of that which will 
render a ftiip more capable to carry fail, and at the fame time will divide 
the fluid with greater facility. 

Chap. VI. To determine the figure of the bow of greateft velocity^, 
when it is terminated by a fimple horizontal draught 

A table of the dimenfions of a curvi-lineal bow of the greateft velocity*. 

Chap. VII. Of the figure of the after part, when it is terminated by* 
a fimple horizontal drau^t, and the method to be ufed in order to form^ 
fi-igates. 

Chap. Vlir. The fequel of the precediiig; an examination of the. 
after part, when it is a conoid, and how to form a frigate. 

A table of the dimenfions of the conoidal after part, which contri- 
butes to the greateft poflible degree of velocity, by the itnpulfion it re-- 
ccives from the reflux of the water. 

Chap. IX. Of the form- of tranfports, and of fliips of war 5 and of a. 
new form for frigates. 

The firft folution. When the bow is formed by two vertical planes^, 
which make an angle. 

The fecond foluiion^ When the bow is terminated by one inclined 
plane afore. 

A particular* method to form (hips- of war and- frigates^. 

Chap. X. The fequel of the preceding : An examination of the par^*. 
ticular form propereft for the bow of a tranfport., 

A table of the dimenfions of a bow of the greateft: motion, which,, 
our author tells us, differs- from that of greateft: velocity in fome cafes. 

In this hft fe<aion our author obferves, that it is very doubtful whether 
that figure which meets with the leaft refiftance in dividing the water,, 
may be the moft advantageous to acquire the greateft degree of velocity ;. 
for it i$ poflible that a bow, which meets with a little more refiftance, may;' 
ceadcr Uie (hip capable of carrying a proportionate quantity of moreu- 
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fall I nevcrthclefs, the two bows, which wc may diftinguifh, by namihg 
the one that of the leaft refiftance, and the other that of the greateft vc- . 
locity, fhould have fuch an affinity to one another, that one (hoold, in a 
great meafure, partake of the moft eflential properties of the other. 

He then proceeds, in his ufual method, by an algebraic procefs, to in- 
veftigate the form of feveral bows ; and, to fave his readers the trouble of 
an intricate calculation, has conftrufied tables of their feveral dimenfions,:: 
which we (hall hereto fubjoin and illuftrate, by forming one of the 
curves from thefe dimenfions, which may ferveas a fpecimen for all the reft. 

T A B L E I. Of the Dimenfions of an angular and recfilineal Bow, in an hori* 
zonfal Senfey which meets with leaft Rejftance in puffing through the Water. 



Height or 



O 

79 

13^ 
180 

ia3 

265 

3<^3 
340 

TABLE II. 



lUlfBr. 

or Ordi* 

natet» 

I99 
900 

950 
1000 
1050 
1100 
1 150 
1200 
1 "50 



Height or 
depth. 



374 

468 

440 

502 

S6i 
619 

674 
728 



Hilf Br. I 

or Ordi- 

nates. 



Height or 
depth. 



1300 

1350 
1400 

1450 
1500 
1600 
1700 
1800 
1900 



778 
826 

918 
962 
1004 
1046 
1086 
1125 



Half Br. 
or Ordi- 
nate!. 



2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
, 2800 






1 164 
1200 
1236 
I27I 
1306 

1341 
1376 
I4IO 
1444 



2900 
3000 

3«oo 

3200 

3300 
3400 

3500 

3600 



Of the Dimenfions of a 
pffihle Refiftance in 



conoidal Bow^ which meets with the leaft 
dividing the Fluids. 



AbfcifTs, 
or p»cM oi 
the Mtit. 

"o" 

6 

20 

78 
12s 

185 

260 

354 
468 
604- 
■ 766 
956 
1178 

>43+ 
1729 
2065 
4448 
2880 
3366 

39" 



H«lfBr. 

orOrd- 

nitei. 



308 

336 

364 
400 

444 
496 

557 
626 
704 
•792 
890 

999 
1118 

1250 

1394 
1550 
1720 
1904 

2IC2 
2346 



ImpnUoiif. 



I 



148993 

1553^39 

167905 

1^6165 

208184 
236721 
268916 
307900 
353607 
405964 
466875 

536439 
615734 
705619 
807369 
922068 
I 05088 I 
1194679 

13550X5 
1533275 

1730807 



Abfeiffie, 

or parte of 

the vM, 

4518 

5»94 
5943 

867s 
9767 

10959 
12258 
13668 
15x98 
16852 
18639 
20565 
22636 
24861 
27246 
29800 
32531 
35447 
38555 



HdfBr. 

or Oidi- 

nate*. 



»545 

2791 

3053 
3333 
3631 
3948 
4284 
6440 
5016 

5413 
583a 
6273 

6737 
7225 

7736 
8272 

8833 

9421 

10034 

10675 

"343 



Impulfiooe. 



IAbftiflc. 
or pitk-ti of 
tbesiie. 



1949062 
2189549 

H53469 
2743083 
3059421 

340453t8 
3780198 
4188257 
4630586 
5109155 
5626246 
6182762 
6792289 
7426420 
8117090 
8867188 
9648764 
10493903 

"39539' 
12355760 

'3377500 



41862 

45383 
49118 
53080 
57280 

61727 
66423 
71386 
76624 
82139 

87935 
94086 

100524 
107285 

I 14387 
121835 

129642 

137820 

146380 

155334 
J 64694 



Half Br. 

or Ordi- 
natee, 

"T2O4O 
12765 

14304 
I5II9 
15966 
16845 

'7755 
18699 
19676 
20688 
21736 
22817 

' 23936 
25090 
26279 
27507 
28777 
30085 

3'43' 
J2818 



Imptilfionf* 



'454333S 
15615915 
16837987 
18132351 
19505003 

2094943s 
22478039 

24089705 
25790519 
27580596 
29463846 
31444132 

33524478 
35708216 
380013(4 
4039931 I 

429'3773 
45545000 
48298823 
51462541 
54183102 
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T A B L E in. Of the Dimenfions ef a new Conoid^ which will meet with leafi 

Rejifiance. 



AbTciffie or 


Halfbici. 


part* of the 


or otdi- 


nil. 


oatet. 


O 


100 


aj 


122 


55 




97 


»55 


226 


233 


280 


340 


349 


675 


55« 


962 


701 
896 

"55 


13+4. 
1876 


2619 


1501 


366J 


1969 



AbfoiTae or 
pmts of tkc 
aut. 



5H3 

8247 

1026 1 

14605 
20909 
30122 

43619 

64773 

93780 

IJ8926 

207366 

311931 



HalfbffM. 

natet. 



2593 
3451 
463a 
6209 

11788. 
16379 
22961 

32478 
46355 
66766 

9704i 



T AB L £ IV. Of the Vimetffiont of two ConoidaUs^ ^bich mett vith leafi Rejijli 
ance enfyj what tbiy are not wholly immerged. 



When the Axe of the Bow it ekfated loos 


When the 


iM of the Bow U clented *oeo 


pan above the Stvfaee of the Water, 


panp above rbtt furftoB of tht fef . 


XbU/fee, 


Ontioatea, 


Abfcifne, 


Ordi nates. 


Abrci0e; 


Ordi'iMtu, 


AbrdiTc.Or^iMtea, 


Off pant of 


or half 


or parte of 


or half 


or parti of 


orJulf 


prftrtaof 


or half 


the aiit. 


Breadtfae. 


theaxit. 


Breadtht. 


the ajga. 


Brcadcfai. 


the axis. 


Breadths* 





1045 




1800 





2023 


3«3 


3400 


3 


1050 


2000 


5 


2030 


3815 


3600 


21 


1070 


2368 


2200 


14 


2040 


4449 


3800 


«3 


II25 


2910 


2400 


36 


2060 


5093 


4000 


150 
264 


1 175 
1250 


3478 
4069 


2600 
2800 


42 


2100 
2200 


&' 


4200 
4400 
4600 


347 


1300 


4682 


3000 


433 


2300 


7-136 


435 


ny> 


5969 


3A0O 
3800 


636 
1082 


2400 , 


fsl\ 


4800 


527 


1400 


7329 


2600 


5000 


721 


1500 

x6oo 


8753 


4200 


1570 


2800 


93^7 
10859 
12446 


5200 


927 


10239 


4600 


2093 3000 1 


5600 
0000 


1 145 


1700 


11781 


5000 


2645 


3200 1 



T A B L E v. Of the Ditimjions of a Cwrveliiud Bow of the greateft Velecityi 

"•■-*■"=-"- • '•"' Thirt TiKnt. Fourth Fitote. 

OrJi- 



AbfciY 
or parti 
of the 
»«>»■ 

O 
126 

399 
027 

758 

884 

936, 
-963 

977 

.987 

1 00 1 

roi4 



Firft Figtire. 



Otdi 
natci. 
or hall 
Brea 



-^03 

53' 
7»4 
788 

83^ 

859 
862 
863 
86^ 



,Mo- 
(mpul- meat* , 
fiona. or Aa- 

bilitjr. 



O 
146 

331 
406 

425 
432 

433 
433 
433 
433 
433 



866 433 



o 
o 

4? 

83 

128 

182 
186 

193 
199 

204 



SaeondFijore 



AbfeiT. 
orpartt 



srpana naid, 
of theVir hall 



O 

356 

712 

871 

1042* 

"36i 

1200 
1272 
»3»o 
1330. 
13651 



■^57 

natei 



Impnl- oxnti, 



O 
169 

335 

402 

464 

493 
510 

526 

533 
536 
54* 



1399 5431 84 



fiOQS. 



or fla< 



V. 

82 
84 
84 
84 
84 



O 

4 
10 

26 

3^ 

38 
42 
44 
47 
51 



AbfeiT 

orpaita 
of the 



natet, 
or half 
Brea 



O 
200 
400 

861 

1035 

1 100 
1205 

I28« 

1333 

I40I 
1466 



Inpul 
fions. 



65 
129 
225 
272 
318 
338 
356 
37 r 
379 
387 
391 



7 

13 
23 

27 
30 

3* 
32 
32 
33 
33 
33 



Mo- 
meau, 
Of Aa- 
biU^. 



O 
O 
O 
I 

I 

8 
10 
13 



Abfcif 
9r parts 
of the 
azii 



O 
J25 

250 

500 
^I 

827 
900 

999 
1 174 




Ordi. 
natet,, 
or half 
Brea. 



O 

122 

163 
198 
214 

in 

28J 
295 
302 



Impul 



Mo 



fiont. or ti*' 
b ility. 

O 
O 

a 
6 

% 
2 

4 
5 
7 
9 



o 
2 

4 
7 
9 

10 

II 
12 
14 

H 
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T AB L E VI. Of the Dimenfions of the conoidal after part^ which contribuUs n 
the greateft poJibU Degree of Velocity^ by the Impuljion it receives from the Re-* 
Jux of the Water. ' 

Ordioitcf. 

orlMlf 
Brtadthf. 



AbfciiTc, 


OrJinatei, 


Abfeime, 


OrAmtet, 


AWiffit, 


OrJinatet, 


AMciffc, 


or partt of 


or half 


or partf of 


or hUr 


or parti of 


Of hair 


or parts of 


the poop. 


Breadtht. 


the poop. 


Breadths. 


thspoop. 


Breadtht 
996 


4487 


O 


260 


3J15 


48s 


\ ^53^ 


2 


262 


382 


521 


1709 


1054 


5188 


9 


a7i 
^83 


456 


559 


1893 


1114 


21 


. 539 


600 


2089 


1177 


5564 


37 


299 


630 


642 


2301 


1242 


5964 


5? 


3^7 


2*2 


686 


2525 


1300 
1378 


6^81 


86 


339 
364 


838 


732 


2762 


681 1 


119 


1086 


2"; 


3013 


1449 


7265 
7738 
8234 


'59 


390 


3278 


1522 


204 


420 


1225 


884 


3556 
3849 
4158 


1596 


2i6 


451 


>375 


939 


1672 


8750 










*750 


^ 



I83I 
I9I4 
1908 

2084 

2174 

2265 

2358 

2454 
2551 

2652 

*754 



TABLE VII. Of the Dimenfiens of the Sow of grettt^ Mmmem^ 



ImpoU 



Xbicifo, 


Ofdiaitn, 




Abfciffie. 


OidinatM, 


•rlcngKh 


or the 


Inpol- 


orleii((h 


or the 


«f the axil 


depth «f 


fiona. 


of the axil 


depth of 


OB the bow 


the Bow. 




oMketow 


the bow. 
508 











aw 

4l§4 


I 


5i 


50 


5*4 


,1 


t 


S. 


30? . 
.32» 


538 

550 


35 


A52 


^45 


349" 


561 


so 


497 


285 


365 


570 


4>\ 


320 


304 


381 


578 


«3 


3*5 


308 


412 


592 


69 


335 


316 


437 


602 


83 


352 


327 


^11 


610 


t02 


375 


340 


486 


620 


J 26 


400 


354 
365 


511 


628 


152 


425 


54J 


636 


179 
206 


448 

470 


J5I 


l!J 


649 


233 


490 


391 


628 


650 



397 

402' 
406 

409 
4" 
413 
4H 

% 

419 
420 

4«i 

422 
422 
422 
422 



Our author remarks on Tabic I, that in joining two furfaws^ 
A B R S, [Fig. 17) the bow may be formed nearly to what the figure re- 
prefents, and will meet with the leaft pofHble refiftance, in pafiing thro' 
the water, in a dired courfe, or in any oblique courfes which do not 
^exceed 45 degrees. This bow has that particular property, that it will 
meiet with the lead: pofSble refiftance, without regarding how deep it 
£aks iato the water. It is not the curves of th« ridges, A I S, and 

BHR, 
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BH Ri of which we give the abfciffa and ordinatcs > It is af that which 
refults from the fedtion of the furfacc A B R S, cut vertically and per- 
pendicularly to its length j the point A being the origin of the abfcilfe 
extending along D C. 

On Table U. He fajrs, we muft take the value of each abfcifla from 
a fcale of equal parts, and lay it oiF from A to X, or to C, on the ftrait 
h'rie AC, Fsg. i8, beginning always at the point A; and then make 
the perpendiculars X V and C D equal to the correfponding ordinates in 
the table« 

We (hall now give our readers the fubftance of his Conclufion. 

After having, to the utmoft of my power, fays our author, executed 
every part of the engagement I undertook, it will be proper now to rcr 
capitulate the principal things I have explained, efpecially fuch as relate 
to the figure of the fhip j and I fhall make no fcruple again to affirm, 
that, I believe, I have given infallible rules to the builders, to determine 
their choice of the different plans that may be prefcnted to them of the 
fame fliip. We have, in the fecond book, explained all that concerns 
a fhip while a-float or at reft : We may know if the whole weight be pro- 
portional to the folidity of the immerged part ; if fhe has ftability or 
force to carry fail ; or if ihe carries her guns high enough out of the war 
ter : And, in the third book^ we have given proper rule6 to affure us 
flie will fail well ; drive but little, when clofe hauled upon a wind, and 
readily anfwcr all the motions of the helm. All the other qualities arc 
fubmitted to the proof of a calculation, which cofts but little labour : 
Even fuch accidents as feem to depend on very irregular caufes are con- 
fidered j fuch as the duration of the vibrations occafioned by rowling, 
and thofe. of pitching 4 v^e may judge of them by examining the diftri- 
bution.of the weights, and in what manner every particular weight is 
Xupported in every different circumftance. 

Geometricians thinlc no labour too hard, and do not fatisfy themfelves 
twjth what knowledge they have acquired, but are continually pufliing 
their jefearches to the hlgheft pitch j notwithftanlling all this, we muft 
fometimes have recourfe to experiments on (hips already built, which 
may ferve as a term of comparison. By thefe experiments we may, in 
an inftant, difcover things which could not be done any other way, with-* 
x)\it a great deal of labour j and^ in forming another (hip, it may fuffice 
to take notice of their different dimenfions, and the neccffary caufes that 
may occafion fome alterations^ 

We have endeavoured, out of an infinite number of forms, to pick 

<)Ut the beftj and wiiere the diipofition of different parts -contribute to 

Sujjp. I carry 



Digitized by 



Google 



( 66 > 

carry a certain property to a higher degree, we have fearched the irioft 
advantageous combination, to determine the maximum. We may, with 
certainty, make which property we pleafe predominate, and at the fame 
time know how far we may carry the others. 

We have fhewn, that the extreme breadth fhould be jfive twelfths of 
the length, from the fore part, which is the pofition beft fuited to make 
the fliip anfwer the motions of the helm 5 but it muft be carried a little 
further fMward, to make her fteer well by the afliftance of the fails,. 
though, by this means, the bow will become fuller, to the prejudice of 
her failing, and of that property which thould make a feip lefs futgedk 
of driving to the leeward. It will be impofBble to reconcile thefe four- 
properties J and, that we may not lofe too much of any one of them,. 
we muft refolvc to lofe a part of the others > and the fureft way, in moft 
Mfes, will be to embrace that which moft favours the a<ftion of the: 
rudder. 

We have, in the firft book, explained feveral methods of dcfcribing; 
the midflhip frame, which may be improved by the remarks in the fe* 
cond and third books. 

Suppofe we cannot perfuadc ourfelves to abandon the common prac- 
tical rules, nor venture at once to go to the utmoft point of perfcdtion^ 
yet it is to be wiflied, that the breadth and depth (hould bear but a very 
fmall proportion to the fcngth j it is a matter of great importance, and: 
merits the utmoft attention of the builders. The feftion of the midftiip 
frame fliould be a triangle in light frigates, but a redtangle in fliips built 
for burthen. In thefe laft, the breadth is continued the fame as in mid<^ 
fhips, for a confiderable fpace, nearly the fifth part of the whole length-. 
The common rules are very well adapted to the building of fuch fliipsj 
and want very little amendment, but are very deficient in the frigates,. 
which begin to narrow, both fore and aft, from the very mid (hip frame. 
The (hips of war, as it were, keep a mean betwixt thefe two i they arc 
fhips of burthen, but their great weight is fituated in a very inconve- 
nient manner, their center ot gravity being too near their metacenter ; 
they muft, on that account, and on account of carrying their metal> be 
broader in proportion than other (hips. 

The principal dimenfions being eftabli(hed, we may form the rib- 
bands, and fo the work will be compleated. We may yfe the method 
of approximation, delivered in the Xlth chapter of the firft fedlion of 
the firft book ; or conform to the tables, which we have with great pains 
calculated, and inferted at the end of the laft fedtion, that the pradical 
part may receive all the benefit that may accrue to it from theory. 

So far M. Bouguer ^ and here follows what M. Dubamel has (aid oil 
the center of gravity. 
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^^ridgement of what M. DUHAMEL has faid in his 
fecond Edition on the Center of Gravity. 

M DUHAMEL in this edition, has given us an additional Chapter, 
^ wherein he explains a method to find, whether or no a (hip wiU 
carry faiL 

The principle on which he fixes the ftability or fliflTnefs of a (hip k 
the proper fixing the center of gravity of the whole body, including, as 
well, the mafts, yards, suns, &c. that are above the wstter, as the am«- 
munition, ballaft, &c. that are below the water ; and in order to give 
us a diftindt idea of that term, the center of gravity, he proceeds ia the 
ibllowing manner : 

It is eafy to conceive that the fame quantity of any matter may be 
|>ut in different forms, but it will ftill be the fame weight i for a piece of 
lead in form of a globe of one inch diameter, may be extended fo as 
to cover a circle of one foot or more diameter ; but it is plain the lead 
^111 be the fame weight in both forms, and if it were pomble to preis k 
fo as to become a globe of one eighth of an inch diameter or leis, this 
fmall globe would weigh as much as the other great one ; but becaufe 
the parts of matter cannot penetrate into one another, this cannot be 
cfie^ed. Let us then fuppofc the whole weight of the globe A {Fig. 20.) 
to be united into CHie point tf, and we ihall have an idea of what in 
mechanicks is called the center of gravity* 

" The center of gravity then, of any body, is that point, whether it be 
*within or without diat body by which if it was fiifpended, or upoti 
which, if it were fupported, it would reft immoveable in any fituatiod^ 
^ if the weight of the whole body were united in that fingle point 
Hence, to find the center of gravity of any body, is to find that pointy 
tipon which, if the body refted, all the other parts would foe in an equi« 
libriimt. It will be neceilary, firft, to fay fomething of the equilibrium ; 
for then we fliall eafily ea^lain what is to be faid on the center ^k 
gravity. 

In treating of the equilibrium, I fliaH explain the balance, becaufe the 
ufe and conltrudtionof the balance and of the equilibrium, are founded on 
the fame laws. 

' The balance {Fig* 2i») confifls df aheam A B, and a fiilcrum or point 
t)f fupport Q the center joa which the beam moves^ and if this be the 

I x eentsr 
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center on which the beam refts in equilibrio, it is the center of gravitjr 
of the beam 5 but as this point ma/ be confidertd as one of thbfe t^- 
form a line, it may be confidered as the axis of the equilibrium ^ that is 
to fay, as if formed by a line pafling thrd' the center of gravity : If we 
imagine a plane eroding the beam in the point C, we (hall then have an 
idea of the plane of the equilibrium j that is to fay, of a plane in which 
th^ center of gravity is to be found* 

In order to make the beam of a balance true, the arms C A and C B^ 
muft be exadly of the fame length, and likewife the weight of one arm 
mud be equal to that of the other, and the fulcrum mufl; be applied to the 
center of gravity. 

Let us firft confider the line A B, abftraded from breadth and thick*- 
nefs, and, fuppofing all its points to be homogeneous, they will all have 
an equal tendency to the center of the earth ; and if tlierc be as many 
points betwixt C and A as there are betwixt C and B^ the line will reft 
in equilibrio on the point C, which will point out the center of gravity 
for the point S on the arm A C ; and the point S, on the arm B C, being 
equally diflant from the point C, and having an equal tendency towards 
the center of the earth, reciprocally deftroys the weight of each other^ 
and there being, by fuppofition, the fame number of elementary points^ 
betwixt A and C, as betwixt B and C, each will deftroy the force of its 
oppoiite, and the line will reft in equilibrio,. becauie the line is fup« 
pofed to have neither breadth nor thicknefs, the point C, will be in the 
center of gravity y but if the fulcrum be moved towards. Aj or towards B^ 
it is plain the equilibrium will be broke, becaufe there being mx)re ele^ 
mentary points on the one fide than on the other, there will be a pre- 
ponderating force, which will caufe the line to incline ^ fo we may per- 
ceive that the center of gravity of a line, or of a rod, every where of equal 
thicknefs and breadth, and all its parts of equal weight, will be exadly 
in the middle of the line or rod. 

• It will not be amifs here to remark, that in finding the centers of 
gravity of lines, or furfaces, we need only confider their extent, becaufe as 
the matter of which they are formed is fuppofcd homogeneous, all the 
parts will be equally afFedted with that tendency they have towards 
theearth*s center, or that force which make bodies defcend,' afFeiSls all 
the parts equally. 

It is eafy to prove that the center of a parallelogram {Fig. 22,) is in 
N, the center of the figure 5 for, fuppofing the parallelogram to be form- 
ed by elementary lines parallel to AB, as we have already proved, that 
the center of gravity of a line is in the middle of it, if the line I K be 

drawn 
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ifsiwn thro' the centers of gravity, of the efenientary Jines parallel to 
A B, it will be the axis of the equilibrium in which the center of gra- 
vity, of the figure muft certainly be found. Let us then fuppofe other 
cleoientary lines parallel to B D ; we (hall have L M another axis 
of the equilibrium, in which likewife the center of gravity muft be j 
and becaufe the point N is the only one, common to both axes, it 
muft be the center of gravity j hence, the center of gravity of a parallel- 
ogram muft be in the center of the figure j and for the fame rcafon the 
centers of gravity of circles, ellipfes, of polygons, of any even number of 
fides, will be in the centers of the figure, as is evident by a bare infpeftioii 
of the figures. 

It will be as eafy to find the center of gravity of any triangle {Fig. 23.) 
for, fuppofing it formed by the elementary lines A B, we have C D, one- 
axis of the equilibrium ; again, fuppofing it formed by the elementary 
lines E F, we have G H, the other axis of the equilibrium, fo fliall N^ 
the point of their interfedlion, be the center of gravity of the triangle;, 
hence, the center of gravity of any triangle will be in the point of in- 
terfeftion of two lines bifefting any two fides, and drawn from the 
angles oppofite to thofe fides. If we fuppofe a regular pentagon^ 
(Fig. 24.) formed by elementary lines A B, we ftiall have the axis DC;. 
again,, fuppofing it formed by the elementary lines E F, we fliall have 
the other axis G H, fo fliall N,, their point of intcrfeftion,. be the center of 
gravity of the pentagon . 

As by fuppofing^ all fiirfaces to be formed by lines,' we have difcovered: 
an eafy method to find the centers of gravity of regular furfaces^ fo if we 
confider furfaces, as the elements of folids, we may as eafily find the 
centers of gravity of folids ; for if we conceive the parallelopiped; 
{Pig> 25.) to be- formed by an infinite number of parallelograms, parallel 
to a by the centers of gravity of all the parallelograms will be in the 
center of the figures as was before proved ;• and if we- draw a line c d^ 
thro' all the^enters of gravity, we fliall have the axis of the equilibrium^^ 
in which the center of gravity of the parallelopiped is to be found, and 
as air the parallelograms are equal, we may conclude that the center of* 
gravity of the parallelopiped is in the middle of the axis c d\ and, for 
the fame reafon, the centers of gravity of a cylinder, of a fphere, or of anu 
cllipfoid', are exactly in the center of thefc folids. 

As any prifm may be confidcred as compofed of furfaces, or thin* 
flices equal and fimilar to their bafes, and that a ftrait line drawn fromi 
the center of gravity of one bafe to that of its oppofite, pafles thro' all the. 

elementary: 
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elementary fficcs, the center of gravity bf all priCmi] or cylinder^ w31 be 
in the middle of that line which is the axis of the equilibrium. 

As to thccentel: of gravity of a triangular pyramid, it is plain it mufl 
be in a ftrait line, drawn from the vertex to the center of gravity of the 
bafe ; for, let the pyramid be divided into elementary ilic^ parallel to 
the bafe, the centers of gravity of all thefe furfaces will be fimilarly 
placed, and, ufing the fame operation on all the fides of the pyramid, wc 
fliall have different axes of the equilibrium ; their point of interfcdion^ 
which will be one fourth of the length from the bafe, will be the center 
of gravity, and as a cone may be confidered as a prifm of an infinite 
number of fides, its center of gravity will like wife be in the one fourth of 
its axis from the bafe. • 

Hitherto we have confidered furfaces and folids as composed of parts 
which are of equal weight ; but if the parts are of unequal weights^ the 
folutions will be falfe j for, fuppofing the part C B, {Fig. 26.) of th# 
line A B to be gold, and the part C A to be iron, and the fpecifick gra- 
vity of C B 3, and that of C A i ^ the fulcrum being in the middle of the 
line, the part C B will raife the part C A. In this cafe, in order to find 
the fulcrum, on which it will refl in equilibrium, we need only find th^ 
center of gravity of C B; which will be in d, the middle of that linep 
that part being fuppofed homogeneous, and, for the fame reafon, the cen« 
ter of gravity of C A, will be in f , the middle of the Hne C A. Let us 
now confider the whole weight of the line C B, united in d^ and the 
whole weight of the line C A, united in the point ^; all that remains to 
be done, is to find the center of gravity of two bodies (Fig. 27.) the 
iweight of ^ being 3, aqd that of e i pound. In order to folve this 
problem, let the two bodies be joined by a rod that will not bend, and 
as the two bodies together weigh 4, divide the rod de into four equal 
parts, to fhall the center of gravity C, be in the third divifion from E^ 
{Fig. 28) 5 for the weight d, multiplied by the arm B C, will be equal to 
the weight e, multiplied by the arm A C The arm of the lever A C, 
4s to the arm BC as dto e *, we fhall explain this by an example takea 
from the common balance^ Let A B {Fig. 29.) repreient the beam of a 
good balance, four feet long, C the fulcrum ; now as A C and B C are ex- 
a<^ly the fame length, that is» two feet each, and of equal weight; the 
beam willrefl: in equilibrium on the fulcrum C : If we lufpend to the exr 
tremtties of the beam, the weights D and £ of one pound each^ the beam 
will flill continue in equilibrium, becaufe the weight D of ope pound is 
tp, the lever CB of t^o leet, as the weight B of i pound is to the arm 
C A of 2 feet : But fuppofe E 2 pound, and D i, and placed as before. 
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ir r« pTain, the beam A B will incline to the fide on which D is placed, 
becaufe the weights are not reciprocally proportional to their diftances 
from the fulcrum ; and, in order to regain the equilibrium, we muft (horten 
the arm of the beam C B, in the fame proportion the weight E is aug- 
mented ;. io placing the weight E (Fig. 30.^ at the point F, the twa 
weights will then be in equilibrio ; for now the weights will be rccr- 
procally proportional to the lengths of the arms of the lever. Since 
brssilbx AC = 2 feet} £2% x CF=i=:i foot=:2} which may be 
proved by experiment. 

This may be demonft rated after another manner ; for, fuppofing the 
weights fufpendcd to the extremity of the beam, if they be equal, as in: 
Fig. 3 1, the fulcrum muft be at the point C, the middle of the beam ; but 
if E be double the weight of D, then muft the fulcrum be in the point F^ 
two thirds of the beam from the end A; and then D : B F : : E ; A P*. 
Suppofing then P, {Fig. 3.2. ) to t>e 4 pounds,, and R it pounds, and 
fHie fufpended to each arm of the beam; in order to find the ralcrum, fay,, 
as 16, the fum of both the weights, is to 12, the greateft vireight, fo is^ 
M N, 8 feet, the length of the whole beam, to MF d feet,, the diftance: 
<>f the fulcrum from M. Then P ^F N : : R : FM 

Hence we difcover a remarkable property in the lever ;^ for in moving: 
the fulcrum from C to F, {Fig. 31.) neither the abfolote weight of the mafo 
D, nor that of the arm of the lever A F^ is augmented, fince the beama 
is fuppofed to have no weight :, And^ to try this by an experiment, let 
^ere be as much weight added to B, as will occafion the beam to be ia 
equilibrio on the point F, before we put on the weights E and D ;, 
Dcvcrthclcfs, the fmaU. weight will refift the adtion of the great one. %o^ 
l^e relative force of D, in refpe£t of E, is augmented in varying the 
velocity; for if we put the lever in motion on the fulcrum F, we flwll per- 
ceive thafc in the time B defcribes an arch, fuppofe of i foot, A will de« 
feribe an arch of 3 feet :. Hence we may fay, with Des Cartes^ that it: 
wiH take as much force to move ten pounds with 20 degrees of velocity,, 
as to move twenty pounds weight with la degrees of velocity.. 

Let us endeavour to make this ftill plainer.. If the two bodies, A and: 
B, are of diferent weights, their center of gravity (or the fulcrum on whick 
the rod E D^ that joins them„ will reft immoveable) will not be in the 
middle of the line ;, this will appear very plain, only by obferving what 
will happen to the beam, when there is more weight in one fcale than ijii 
the other. ^ 

In order then to find the fulcrum F, on which the beam fhall reft mi 
f^uilibrio^ let us fuppofe it already foun^,. and that £ is double the. 

w.cighft 



Digitized by 



Google 



( 72 T 

'Weight of D 5 it is evident, that E cannot have the Icaft motion, without 
giving D a motion at the fame time ; and the two bodies will continue 
in equilibrio till both are put in motion* 

It is not then neceflary, that the two bodies be of equal weight to pre* 
ierve the equilibrium 5 but it wiil be neceflary, that D have the lamp 
difficulty in moving that E has; and, bccaufe E is fuppofed double the 
weight of D, it muft take double the purchafe to move it : Hence it 
ibllows, that the fame force which will make E run over one degree, 
will, in the fame fpace of time, make D run over two degrees, provided 
£ be double the weight of D ; but if triple the weight, it will run over 
three degrees, and ^^ as ^ (P^g- S^O for ^^ efie^ is always propor- 
tioned to the caufe. Hence this natural confcquence j if the motion of 
D be double or triple that of E, its relative weight will be double or 
triple its real ; and if the motion of D be triple that of E, the equili* 
brium will be preferved, although D be only one third of the weight of 
E, Now, if it be obferved, that the fulcrum F, is three times|,the diflance 
from A that it is from B^ and that the arches of circles are in proportion 
to their radii 5 the arch, defcribed by the point A, with the radius 
F A, will be thrice the arch defcribed, by the point B, with the radiug 
F B, in the fame fpace of time, juft as the weight of E is triple that of 
D. Hence, to keep two bodies in equilibrio, their diftances from 
^eir common center of gravity muft be reciprocally proportional to their 
weights. D:E::FB:FA, 

We have made this digreflion, to fhew the difference betwixt the ab- 
foluteand relative forc;p of any body, which will affift us to underftand 
the nature of momenta^ which fhall be treated of hereafter : We fliall 
here (hew how to find the centers of gravity of a fyftem of bodies of 
different weights, fuppofing them joined by an inflexible rod, pafling 
through all the centers of gravity, the rod being conceived without any 
weight. 

Let us then fijppofe the inflexible rod AB {Fig. 33.) pafling through 
the centers of gravity of the feveral bodies ^, ^, ^, ^, ^, f^ whofe abfo? 
lute weights are different ; firfl find the center of gravity of two, as of 
^ and by which will be in g, if we make g a (the diftance of a from the 
center of gravity) to ^ ^ (the diflanoe of b from the center of gravity) 
as the weight of i is to that oia: Then confidering al> z^ united in g^ 
Jet us find the center of gravity of g and r, which fuppofe in b, an4 
then confider the weights a, by and c, as united in h^ and thenufingth^ 
iame proccfs, on the other fide, we (hall find the center of gravity of e 
juwi / in the point / j arid ponfiderin^ e and / jis upited in /, we pnay 

find 



Digitized by 



Google 



( 73 ) 
£nd the center of gravity of e and d^ which fuppofc in /J Now, tRe 
fum of the weights a^ b^ and r, being united in k^ and the fum of the 
weights e and/' united in /, we need only find the center of gravity of 
h and /, which will be the center of gravity of the whole fyftem, com>- 
pofed of the' bodies ^, b^ r, d^ €^f\ and if the center of gravity be 2Xm^ 
there muft be the fulcrum, on which the whole fyftem will reft in e- 
quilibrio^ juft as if j, b^ and r, were put into one fcale, fufpended oa 
the point b^ and d^ e^ and /, put into another fcale, fufpended by the point 
/, they would be in equilibrio, provided m were the fulcrum on which the 
beam refts ; becaufe h mkio Im^ as dy ej\ placed in /, is to<7, b^ c, placed in b. 

It is very plain," that if the bodies a^ by c^ and dy e^fy {Fig. 34.) were 
placed in the fame plane, on different fides of the axis of the equilibrium 
A B, they would remain in equilibrio upon that axis, provided their 
feveral weights be the fame as in the preceding : The diftance of each 
body from the axis A B, will be equal to the diftance of each body from 
the center of gravity m {Fig. 33.)! that is, A^, ^ M, r N, {Fig. 34.) 
equal to am,b ;;/, c w, {Fig. 35.) and P B, ^ P, and d Q, equal to fm^, 
em^ and d m. 

It is likewife plain, that if in a fyftem of bodies on the line A B^'. 
{Fig. 33.) their center of gravity m be in one of the bodies, it may be 
reckoned as a cypher, in regard to the center of gravity of the whole 
fyftem j though its particular weight adds to. the weight of the v^hole. 
fylTxm.. 

Though my intention here is to confine myfelf to treat of the center 
of gravity, fo far as is neceflTary to give my readers a clear underftanding 
of the method of finding it in (hips, yet I cannot allow myfelf to omit 
(hewing how to find the center, of gravity, of any number of bodies 
placed at random in the fame plane j fuppofe ^, b^ r, d. (Fig.^sJ 

The center of gravity of each particular body^ (fuppofed to be known -,) 
we muft fiift.find the center of gravity of ^and ^, joined by an inflexible rod,, 
by the foregoing method, which fuppofe in ^ j. and then confidering a and b 
as united in^,. find the center of gravity of ^ and dy fuppofe in/ j laftly, 
confidering,^, ^,. and dj as united in^, we need only find the center of 
gravity, of/ and r,, which, fuppofe in gy fo ftiall g be the center of gravity 
of the whole fyftem. I fhall conclude, this fubjedt, with fome remarks 
on what has been faid.. 

I. The center of gravity of any fyftem of bodies, may be found with- 
out knowing the dimenfions of their bulk, if their weights be known,; 
for fuppofing a and. b to be of different matter, {Fig. 36 J the one of 
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flone, and the other of wood, and each to weigh one pound, their center 
of gravity will be in ^, the middle of the beam a b. 

II. If the bodies be homogeneous, and of the fame fpecifick gravity, 
their centers of gravity may be found by their bulks, without knowing 
their weights ; for, let the two bodies a and ^, {Fig. 37.) be homo- 
geneous, and let h be double the bulk of a, then will their center of 
gravity be in e^ two thirds of the length of the beam d e j and this is 
found without having any regard to their weight, tbv d c being double 
^ e 5 then a\ b \\ c e \cd. 

III. As the center of gravity of any fyftem of bodies, confidered, ab- 
iftraded from any weight, may be found by their bulks ; it is in this 
fenfe, that the centers of gravity of lines, furfaces, or of any fpacc whofe 
weight is not confidered^ are faid to be found. 

IV. We may likcwife perceive that the center of gravity of any fur- 
iace, limited by ftrait lines, may be found by reducing them to parallelo- 
grams, triangles, or any other regular figures, whofe centers of gravity 
jnay be found by the preceding rules ; we may then fuppofe an inflexi- 
hle rod paffing thro' thefe centers of gravity, and the center of gravity of 
(the fyftem tf, b^ r, it may be found as in [Pig^ 35). 

It will be the fame with refpeft of folids ; for every folid may be divid- 
icd into parallelopipeds, jprifms, cones, or triangular pyramids, and by 
forming another fyftem by the centers of gravity of the feveral bodies, 
-we may find the center of gravity of the whole fyilem by the rules al- 
ready delivered. 

We may now perceive how the center of gravity of a (hip may be 
found; for as the two fides A and B, {Fig. 38.) are equal and fimilar, it 
follows that the center of gravity mnft be in a plane ereiSted perpendico- 
lar to the keel, which will be in the plane of the equilibrium of the {hip, 
and tho' (hip*s bodies are very irregular figures, they may be reduced^ 
nearly, to regular ones^ by dividing them intp feveral fmall parts, and the 
center .of gravity of each may be found as 'before j but as this method 
would be too tedious for practice. I :fhall therefore attempt lo £hew 
how it may be performed by M. Bmguer'% method of momenta. 

The momentum of ^ny heavy hody, or of any extent confidered as a 
heavy body, is the produft of that weight, or of that extent multiplied by 
the diftance of its center of gravity from a certain point affumed at 
pleafure, which is called the center of the momentum, or from a line 
which is called the axis of the momentum. 

In order to comprehend this, it muft be remembered that we made a 
idiftinflipn betwixt the relative and ,abfolutc weight of any body 5 ^he 
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mTative weight of any body confidered with refped to that of any other 
body, or, with refpcdl to a point, is augmented or diminiflied in pro* 
portion to the diftance of that body, from the fulcrum, the abfolutc weight 
remaining ftill unvariable ; or it is the relative weight which mathema- 
tians confider, when they ufe the momenta^ by multiplying the weight, 
or extent of any body, by the diftance of its center of gravity from a 
point or line affumcd at pleafure. 

Example. LetB, {Fig. 39) be 6 pounds^ A the center of the momen^ 
turn of B ; and let A B be 4, then (hall 24 be the momentum of B, rela* 
tive to A. Again, let B be 6 pounds, {Pig. 40.) A B 4, as before \ 24 
will flill be the momentum ; let C lifcewife be 6 pounds, and A C 3, fo its. 
momentum will be 18, and the momentum of the two bodies will be 42. 

If the two bodies in the fame plane are not iathe fame direction, frorn^ 
the point A, that will make no alteration, if we confidcr them relatively 
to an axis A A 4, its momentum will be 24, and the diftance of C being 3, 
from the axis A A, and weight 6 pounds, its mamentum will be 1 8, fo 
fhall the momentum of the two be 42 as before* I faid the center, or 
axis of the momentum may be placed at pleafure ; fo it may be placed- 
betwixt two bodies ; if then it may be at the point A, {Pig. 42,) precife-* 
ly betwixt the two bodies B and C, ftippofe 6 pounds each, the momenta^, 
of each being 12, they will be equal, and the center of the momentunp 
will be in the center of gravity of the two bodies 5 but if we place the 
center of the momentum ia D,. the momentum of C being 6 x 3 = 18^, 
and that of B 6x1 = 6, the equilibrium will be deftroyed. 

We may now begin to perceive the relation betwixt the center of gra- 
vity and the center of the momenta^ but to make this ftill plainer, we 
fliall (hew that the fum of die momenta of all the bodies that compofe a 
fyftem is equal to the momentum of all the bodies confidered as united in< 
their common center of gravity. 

If we multiply all the weights 6, 5, 8,, 4, 10, &c. which are placed 
along the beam ABj (^/ig". 43.) by the diftance of the center of gravity 
of each, from the point A, which isaffumed as the center of their mo^ 
menta ; that is, 6 x i -|* 5 x 2 + 8 x 3, G?c. and, laftly, 6x11 the 
the fum of all thefe produfts,^ will be 396; on the other hand, if we 
add the weights of all thefe bodies into one fum, that is, 6 -j- 5 + 8 -j-4, 
&c. + 6, the whole will be 66 j and this multiplied by 6, die diftance 
of the point C, the center of gravity of the fyftem from A, the center 
of their momenta, we (hall have 396 for the momentum of the fum of all 
the weights as united in C, the center of gravity of the vehole fyftem, 
«qual to the fum of all xht momenta of the bodies taken fepcrately 3 and 
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that It will always be fo is evident, for, fince the point C is the center of 
gravity of the whole fyftem, in which all the Weights are fuppofed to 
be united, and the point itfelf fo placed, in refpedt of A, that all the 
weights placed betwixt C and B gain as much energy or force, by their 
diftance from the point A, as the weights, placed betwixt C and A, loofe 
of their particular relative force. 

Hence, the momentum of the center of gravity, of a fyftem of heavy 
bodies, is equal to the fumof the momenta of the feveral particular bodies 
that form the fyftem ; but it will b-r proper to rem irk, that if weconfider 
the momenta of a fyftem, with rcfped: to a point A, which happens to 
be in the center of gravity of one of the extreme bodies, {F/^. 44,) it 
will make no alteration in the operation, only omitting that body which 
may be deemed a cypher ; for, fuppofing the body A 6 pounds, then 
5x14-8x2+4x3 +41 X 5+9x6 = 292, and 6 + 5 + 8 + 
44-41 +9=73> which, muliplied by 4, the diftance of the center 
of gravity of the iyftem from A, tlie produdl will be 292, equal to the 
former. 

Let the bodies be the fame weight, and placed as before, and D, the 
center of the momenta {Fig. 45.), be betwixt two of the bodies, the fum 
of the weights, 8, 4, 4I, 9, 6, 5, multiplied by their diftance from D,which 
is fuppofed the center of the momenta^ will be equal to the fum of all 
the weights 6, 5, 8, 4, 41, 9, multiplied by the diftance of their center 
of gravity C, from D, the center of their momenta ; obferving to fubtra<5t 
the produd: of the weights of thofe on one fide of the point D, from thofe 
on the other fide, becaufe each endeavouring to turn the beam to its own 
fide, they will have contrary effeds. 

Suppofing D to be exadtly in themiddlebctwixt 5 and 8 ; we have 8x5 
= 4 + 4 X 1.5 = 6 + 41 X 3.5 = 143-5 + 9 X 4-5 =40.5, the fum of 
the whole is 194 ; and on the other fide 5 x .5 = 2.5 -f" 6 x 1.5 = 9, 
their fum 11.5 fubtradled from 194 remains 182.5, exadtly equal to the 
fum of all the weights 8+44-41 4"9+ 5 4*6= 73, which, 
multiplied by 2.5, the diftance of their center of gravity C, from D, the 
ctnit^ oi t\\€\v momenta^ is 182.55 but itmuft be obferved, in this laft, 
'We take the fum of all the weights, without fubrading thofe on the one 
fide from thofe on the other, becaufe they all tend towards the center of 
the earth ; whereas, in finding the momentum of each particular body, 
they being fufpended on different fides, their cffe<fts will be in a recipro- 
cal proportion to their diftances. 

Laftly, fuppofc the center of the momenta be in E, {Fig. 46,) it is 
pjain E equal 8 can have no momentum^ becaufe its diftance from the 
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center is o ; E x o = o, and then multiplying 4, 41, 9, by their rcfpcc- 
tive diftances from E, and, from the fum of their produdl, fubtrafting 
the produft of the fum of 5 and 6, multiplied by their refpedive diftan- 
ces from E ; fubtrafting, I fay, this produdt from the fum of the other 
|>rodu6ls, the remainder will be equal to the fum of all the weights, 
multiplied by thediftancc of their common center of gravity C, from E, 
the center of the momenta. Having thus proved that the fum of all the 
particular momenta that compofe a fyftem are equal to the produdt of 
the fum of all the weights, multiplied by the diftance of their center of 
gravity, from the center of the momenta^ it will thence follow, that, if 
the fum of all the momenta.ht divided by the fum of all the weights, the 
qudtient will give the diftance of the center of gravity from the center 
of the momenta ; or, which is the fame thing, if the momenta of feveral 
bodies, in refpedl of a point or line, be divided by the weight of thefe 
bodies, the quotient will be the diftance of their center of gravity from 
that point or line which was aflumed for the center of their momenta. 

As for example, if it were required to find the diftance of C, the cen- 
ter of gravity of the fyftem, {Fig. 47.) from A the center of the momen- 
ta-, the fum of the momenta is 292, this divided by 73, the fum of the 
weights, the quotient 4 is the diftance from A to C. 

As examples taken from things of common ufe are moft inftruftive, I 
fhall ihew that the conftrudlion of the fteel-yards is founded on the fame 
principles ; but let it be obfervcd, that we have no regard to the weight 
of the beam AB, (F/^. 48.) or we fuppofe that the part A C, of the 
beam is in equilibrium with the part B C, C being fuppofed the ful- 
crum on which the beam refts ; we likewife fuppofe the diftances A C, 
Ce^ef^ fgj h /, iJiy kl^l m^ to be equal % and that the weight ^, is one 
pound. 

Is is plain, if we put the weight e in E, we muft put one pound in 
D, to gain the equilibrium j but if ^be put in/, we muft put 2 pounds 
in D, becaufe the momentum of e placed va f\ is 2; and for the fame 
reafon, if e be put in ^, we muft put 3 pounds in D ; if in A, 4 pounds 5 
if in /, 5 pounds •; if in ^, 6 ; if in /, 7 pounds ; and, if in m^ 8 pounds ; 
for e equal i pound multiplied by m /, equal 8, is equal to D 8 pounds 
multiplied by AC equal i. 

Suppofing the points E, /, gy h, /, ^, /, and m, had a weight of one 
pound fufpendcd to each, thefe weights being all equal, and equally dif- 
tant from one another ; and fuppofing C, the center of their momentum^ 
we ftiall have their fum by taking E once, /twice^ £2?r, and /» eight 
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times, tlieJr Aim will be 36, which, divided by 8^ the quotient 4.5; give^^ 
the center of gravity of the fyftcm C B. 

Now we have got an eafy method of finding the center of gravity of 
a fyftem of heavy bodies. Thus, fincc the centers of gravity of a. fyf- 
tem of heavy bodies, or of furfaces, or of folids, will be in the fame place^, 
and when we know the abfolute weight, or the extent of each of thefe 
bodies or furfaces, and the diftance of each center of gravity from a cer- 
tain point, affumed for the center of the momentum^ or from a line, 
which is fuppofed the axis of the equilibrium, we may always find the 
diilance of the center of gravity from that point which we have chofefor 
the center of the immenta^ or from that line which we regiard as their 
axis. It is from thefe principles that M. Bouguer has furni(bed the 
tmilders with an eafy method of finding the center of gravity of ftiipping. 

It now remains to apply thefe principles, which we have eftabliflied^^ 
to the finding of the center of gravity of a (hip, and to begin with the fim- 
pleft operations^ we only propofe at firft to find the c^enter of gravity of 
the area of a fedtion of a fhip taken at the load water line^ which is re^ 
prefcnted in {Fig. 49 ) by A B, 

I. The two fides of a (hip being equal and fimilar, the line A B may 
be confidered as the axis of the equilibrum, in which the center of gra^ 
vity of that furface is to be found. 

II. The curves that form the fides of that furface, being very irregular^ 
muft be reduced as near as poffible to regular ones, by dividing the fur- 
face, with tlie ordinates aa^bb^ c c^ dd^ obferving to place them at 
equal diftances from one another, and likewife the diftance^ muft be io 
fmall, that the portion of the curves intercepted betwixt them may be 
confidered 9s ftrait lines, which will be near enough for pradice, as we 
do not here propofe the utmoft degree of exaSnefs. 

III. Thefe ordinates will divide the furface A, into a number of paral- 
lelograms, fuchas b d^dby which may be confidered as fuch, on account 
of their being fo very fmall, it is plain, the center of gravity of the paral- 
lelogram bd^dby is at the point where the line cc interfeds the line 
A B ; and it will be fo with all the reft, fo the centers of gravity of all 
the parallelograms will form a fyften> diftributfed on the line A B. 

IV. To find the center of gravity of the fyftem, in refpe^ of A, which 
is affumed for the firft term of the momenta:, we muft, ^ was before 
obfervcd, multiply the furface of each parallelogram by the diftance of 
its center of gravity from the point A, and fo, having the fvim of all the 
momenta^ we may divide that fum, by the fum of th« furfaces of all thei 
parallelograms^ or by the whole furfece A B, and the quotient will be 
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IHc diftanccbf the centeif of gravity from the- point A, the axis of tl>e 

M. Bouguer has abbreviated this operation ; for, confidering that we 
tnuft have the area of the whole furface A B, before we can obtain a 
folution, he finds that by the method delivered in Chap. VIII. of the Ap- 
pendix, which is as follows : 

I ft. Divide the whole length in fcveral equal parts aa^bb^cc^diy &c. 

2d. Meafure all the ordinates aa^ bb^cc^ddy Q^c. and add them al- 
together except the firft and the laft, of which we muft only take one 
half of each. 

3d. Multiply that fum by the diftance betwixt the ordinates, and the 
produft will be the area of the feftion A B. 

The fecond thing to be had is the fum of the momenta of all the ele- 
mentary parts of the furface, which M. Bouguer has readily done, by 
multiplying each ordinate into its diftance, from the point A ; then he 
takes the fum of all thefe produds, except the fir{^ and laft, of which he 
takes only one half of each ; and by multiplying that fum by the diftance 
betwixt the ordinates, he has the fum of all the momenta «f the elemen- 
tary parts of the furface, which he divides by the area of the furface, 
before found ; the quotient gives the diftance of the center of gravity of 
the whole furface from the point A. 

To explain this by an example, let it be required to .find the center of 
gravity of a furface A B'(F/]g'. 50.) 160 feet long, in order to which : 

I ft. Divide the furface by the ordinates ab^cd^ ef^ which are here 
20 feetdiftant from one another. 

2d. Omitting the line A, which here reprefents one of the tranfom«, 
becaufe we affufloe it for the axis of the momenta. It is 18 feet long. 
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Suppofc then we find the centers of gravity, of the Turface of each' 
fedion contained betwixt the load water line and the keel ; by the fame 
method, we (hall then have a fyftem of heavy bodies, which will have 
their centers of gravity in a plane eredted perpendicular to the keel at 
their feveral diftances from the line A B, which is affumed for the 
axis of the momeftta. In order then to fmd the pofition of the center 
of gravity of the hull^ in refpeil to the length, we muft find the pofition 
of the center of gravity of the fyftem, with rcfped to the line A B, 
which we affume for the axis of the momerita^ or for the firft term.. 

Having by the preceding operations found the area of each water-line, 
and its center of gravity, we need only multiply the area of each fedion 
by the diftaace of its center of gravity from the line A B, and add all the 
produdts, except that of the firft and laft, of which we muft only take 
one half of each, and then divide the fum of all the produAs, by ihe 
fum. of all the areas, obferving to take only half the firft and laft, and the 
quotient will give the diftance of the center of gravity of the whole fyf- 
tem ft-om the line AB, the axis of the momenta \ we fliall- explain this, 
by the following example : 
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Center! of 
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gravity 


PioJufts.- 






furfacet. 




from A B. 
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^Kecl. 


4955 


X* 


80- 


440a. 

, f. in. 

) 402000(81 I 


lines< 

6 



Having divided 402000, the fum of the momenta^ by 4955, the famof 
the furfaces, we have 81 feet i-|- iuchea, the diftance of the center of 
gravity of the fyftem from the vertical line AB, which will be nearly 
in the line H H. 

It yet remains to find at what height above the keel in the line H H, 
the center of gravity of the hulk, or of the fubmerged part of the (hip, 
will be found : In order to which, let us take G^, the upper fide of the 
keel for the axis of the momently or the firft term ; then it is only find- 
ing the momentum of each furface with refpedt to the keel ; (the diftances 
betwixt each fedlion being fuppofed 4 feet,) and then dividing the fum of 
all the products by 495-5, the fum of all the furfac?s. 

Sur- 
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Surfaces. 
// 400 X 
£ e 700 X 
dd 1000 X 
<c 1800 X 


1 400 

2 1400 

3 3000 

4 7200 


a a 2000 X 


2i 5000 


17000 
Diftance betwixt 4 

4955 ) 68000 ( 138 2 is the diftance 



of the center of gravity of the hull above the keel, which will interfcd 
the line H H in the point L 

In the preceding calculations we have fuppofed the hulk to be comr 
pofed of an homogeneous matter, all parts of which, in bulk, will be of 
equal weight ; now, tho' this is a cafe that can never happen in a fliip, 
which contains various things of different weig^hts, yet it may not be al- 
together ufelefs to the builders, fincc all fliips of the fame rate having the 
different weights placed nearly fimilar to their lengths, they may find the 
center of gravity as above, and comparing it with the center of gravity 
of a jfhip, which is known by experience to have all the good qualities 
that can be expedled, we may difcover if the center of gravity of the (hip 
w;e are to build be properly placed, and befides it will afljft us to under- 
ilahd what follows. 

It would be a very complicated and laborious tafk to find the center 
of gravity of a (hip properly mafted and rigged with all her provifions 
and furniture on board, and, tho' I do not defign to engage in the folu- 
tion of that point, l think it would be unpardonable in me not to men- 
tion the adion of a heavy body upon the fluid that fupports it, and the 
re-ad:ion of the fluid on the floating body. 

It was obferved, in the beginning of this chapter, that the whole weight 
of any body may be confidcred as united in its center of gravity, and 
that if it were fufpended by a line faftened to its center of gravity, that 
line would reft in a vertical pofition, and its diredion would pafs thro' 
the center of gravity, and the center of the earth ; but a body which floats 
in a fluid is not fupported by its center of gravity, but by the preflurc of 
the environing filaments of water, which being confidered as infinitely 
fmall, each will adt uppn an infinitely fmall portion of the furface of the 
floating body, relative to the fpecifick gravity, and, in proportion to the 
height of thefe filaments, conform to a principle applicable to all 
fluids 5 namely, that the weight of a column of any fluid will be in propor- 
' •Supp^ L tion 
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tion to the fpccifick gravity of the fluid, and the height of the colutnir 
multiplied by its bafe« 

The preflure of the fluid adting upon all the fubmergcd parts of the 
folid body, in the fame manner that gravity ads upon all the parts of 
matter, the eflfedk of fuch preflure will be united in a fphefe of wax, of 
the fame fpecifick gravity with the fluid, and which is intirely fubmer- 
gcd, prccifely to the fame point as the center of gravity of the fphcre of 
wax 5 we muft then conceive ihat the prcflTure of the fluid afts im^ 
mediately on the furface of the fubmerged body ; but its adlion is united 
in its center of gravity, juft as if it exerted itfelf upon every part of the 
folid body. Wax is nearly the fame weight with water, and if one finks 
a fphere or ball of that matter, its preifure on the fluid will be united 
prccifely in its center, or in the fame point in which the whole weight 
of the ball does adt 5 fo in that fuppofition the center of the prcflTiire of 
the fluid coincides with the center of gravity, the aftion of each being, 
united in the center of the fphere. 

But this is not all ; for as heavy bodies, by their gravity, endeavour to 
approach the center of the earth, in a vertical line paffing thro* their cen- 
ter of gravity, tending direftly towards the center of the earth • fo the 
preflure of fluids endeavours to carry bodies in a vertical tending from the 
center of the earth towards their furface, and pafling thro' the center of 
gravity of the fubmerged part which forces them towards the furface ; fo 
in any fubmerged body at reft, thefc two oppofitc forces coincide in the 
fame vertical, a<fting ina quite contrary diredlion to one another. 

We muft conceive then all heavy bodies endeavouring to approach 
the center of the earth, by a fccret force inherent to all the parts of 
matter 5 fo, {Fig. 52.) the globe of lead i tends towards the center of 
the earth in a vertical ftretching from the point of fufpenfion ^, thro' 
the center of gravity of ^. 

Thofe bodies that weigh lefs than a column of water, (of the fame 
bulk), in which they fwim, endeavour to rife by the preflion of the fluid 
in a vertical line tending from the center of the earth to the center of 
gravity of the fubmerged body ; fo the globe of cork d tends towards 
the furface in a vertical line ftretched from the point c, ta which it is 
fattened to the center of gravity of the body d. 

Let us then fuppofe two hooks a and c fattened to the oppofite bafcs 
of the glaft cylinder A, B, C, D, full of water, and let a ball of lead be 
fufpendcd by a hair to the hook ^, and one of cork, faftened by ano- 
ther hair to the hook ^ j it is plain, if the cylinder be upright, the ball 
4^ lead will dcfcend towards r, with a force equal to its weighty Icflened 



Digitized by 



Google 



hy the weight of the fluid' it difplaces, and the ball of cork will rife with 
a force equal to the weight of water it difplaces, leflened by the weiglu 
of the cork, and if the hair that faftens them be cut, they will be affedtcd 
by contrary forces, 6 defccnding in the vertical a r, and d afcending in 
the vertical c a^ they will meet in the fame point e^ of the axis of the 
cylinder A BCD. But if we fuppofe the cylinder inclined as in {Fig. 
53.) each body will take a different vertical, but parallel to one another j 
fo that if both were let loofe, b would defcend towards f^ and d afcend 
towards,^, and never meet. Let us fuppofe them joined by a rod b^ e,d^ 
of the fame weight with Water ; it is plain that each body will obey the 
force that aSs upon it, b defcribing the arch bg^ and d defcribing the 
arch d b, they will place themfelves in the fame vertical, parallel to aj*, 
or eg I and if the force which the preffure of the water exerts on ^, he 
greater than the force of gravity exerting on b -, then will d draw b to* 
wards the furface of the water. On the contrary, if the force of gravity, 
afting upon ^, be greater than the force of the preffure of the water, 
afting on d^ then will b draw it towards the bottom : But if the forces 
be equal, b and d will reft in the middle of the fluid in the fame vertical. 

The two bodies will then turn round a point in the rod b^e,d', but it 
will not beeafy toaflign that particular place ; it appears that if ^ en-- 
deavours to defcend with a greater force than d to afcend, in that 
cafe the center of rotation will be neareft to dy and, on the contrary, if the 
force that raifes d be greater than that which depreffes b, it will be near- 
eft to b. Hence, in all heavy floating bodies which arc at reft, the cen- 
ter where the effecft of the gravity of the body is united, and the center 
where the tffe(k of the preftion of the water is united, are in the fame 
vertical, tho' feldom in the fame point, as in a globe of wax which 
was fuppofed to be of the fame fpecifick gravity with water. 

In order to apply thefe principles to mipping, let us examine what 
would happen to a ftick, funk endways perpendicularly into the ftanding 
water. Now this ftick {Fig. 54.) being fuppofed all homogeneous, its 
center of gravity in air would be in ^, the middle of the ftick ; let us 
fuppofe the ftick fo light that it finks perpendicularly only to d, the one 
fourth of the length ab : Now the ftick being an homogeneous cylinder, 
the center, where the whole force of the column of water difplaced is 
united, will be in ^, the middle of the fubmerged part. 

Now, admitting all thefe fuppofitions, it is plain, when the ftick is in 
a vertical pofition, the two oppofite forces adling in the fame vertical 
line will deftroy each other, and the ftick will reft in that vertical pofi- 
tion; but if , the ftick be but & Uttle i^jcUncd as ip {Fig. 55.) the cafe will 
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be quite otharwifc j for the gravity whicli refides In the point r, exerting 
itfelt in the diredion ^^, it will concur with the preflure of the water 
adting in the diredtion of the line e f to overturn the ftick, or place it 
horizontally on the furface of the water. 

The center of gravity oftheftick will always be in the middle of it^ 
at the point r, bccaufe it never changes its polition with refpedt to the 
ilick [Vig* 56.) and the center of the prcflbre of the water will always be 
in the middle of the fubmergcd part, or rather of that fpace which is 
abandoned by the mafs of water difplaced, which will be in the point e^ 
in the fame vertical with the center of gravity of the ftick, and io the 
whole will be at reft. 

Let us alter fomc of thefe fuppofitions, and we fliall find the fame 
caufes produce different cfFed:s. 

Suppofe then {Fig ^y.) the part aCy of the ftick ^ ^, to be, if yoif 
pleafe, three times the weight of c b^ of the fame ftick ; the center of 
gravity of the ftick in air will then be towards d ; the ftick being nearly 
of the fame weight with the column of water difplaced, will fink, fuppofe 
to e^ the center of the impreffion of the water will be pretty near to </f 
but fuppofing it in Cj or in any other point not below ^, it is plain,, 
when the ftick is inclined, as in Fig. 58, it will return to the vertical 
pofition ; for the force of gravity which ads in the diredion of the line 
d gy will draw the end a towards /, and will concur with the force that • 
refults from the preflion of the water in the diredion of the line cf^ to 
bring the ftick into its vertical pofition. 

To make this ftill plainer, let us incline the ftick a little more; we 
may eafily perceive, in Fig. 59, that if one purchafe be applied to g^ 
ading in the diredion of the line g d^ and another purchafe applied to 
fy ading in the diredion of the line ej\ the extremity b would approach 
to h^ and the extremity a to /, and the ftick would be in the vertical h /. 
We may conclude, from this experiment, that any floating body will 
recover its vertical pofition, when the center of gravity is below the 
point vvhcre the force of the preffion of water is united. The ftability 
will be diminiftied, if the center of gravity be never fo little above the 
center of prefiion ; and the body will overturn, when the center of gra- 
vity is raifed to a certain height above the center of prelTure j for, 
in this laft cafe, both ad in concert to overturn the body j whereas, ia 
the firft, both join to prefcrve its upright pofition. 

It was before obferved, that the point fliifts, on which the points r 
and d are turned round. We fliall now remark, Firft, That this will 
be according as the force oi c ox d predominates. Second, According to 
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the pofition of c and d upon the (lick a b. Third, According to the 
difficulty that a will find in difplacing the fluid, to bring itfelf to /, or 
that b will find in bringing itielf to h j and it is pofllble, it may vary 
according to the different inclinations of the ftick. If this point of ro- 
tation were invariable, and a method of finding it could be obtained, 
we might then, without regarding the preflure of the water, know 
where to place the center of gravity, either to keep the ftick upright or 
horizontal. I fliall explain this by an experiment, which may be made 
by a well-known toy, or play- thing for children. 

Every one has feen {Fig. 60.) the fmall ivory puppet, which keeps 
itfelf in a vertical pofition, upon the point of a needle, by the afliftancc 
of two counter weights, c and ^, which being joined together by a wire^ 
are placed a good way below the pivot that fupports the figure. 

The weight of the figure is efteemed as nothing, when compared 
with the weights c ^nd ^> fo the center of gravity of c and d will bo 
towards m. If the figure is inclined towards /, the weight c will be 
carried towards e^ and the weight d towards f^ fo the center of gravity 
will (hift towards n ; and as it drives to approach the center of the 
earth, and place itfelf in the vertical m by the figure will recover its firft 
fituation. It is evident, that it will be quite otherwife, if the weights 
€ and d are placed above the pivot, which fupports the figure ; for if 
they are placed in i and ky and the figure be inclined never fo little, they 
will both adt in concert to overturn the figure. We may likewife fee, 
that if they are placed in g and by at the extremities of the plane of the 
pivot, which is fuppofed to be their center of gravity, they will not, 
in the leaft, contribute to keep the figure upright. 

From this experiment we may infer, Firft, In order to keep the figure 
upright, the two weights, c and dy muft be exactly equal, or their dif- 
ference adjufted by their diftance firom the line bniy fo that. their center 
of gravity may be in that line b m. Second, It will be neceffary, that 
the counter weights be below the axis of rotation of the whole iyftem* 
Third, The fijrther the weights are below the axis g Ay or the point b^ 
the greater power will they have to recover the vertical pofition of the 
figure. Fourth, The nearer the weights are to the point b, or line g b^ 
the lefs will be their power to recover the vertical pofition of the figure ; 
and they have no power at all when the weights are placed in the line 
g b. Fifth, When they are placed above the pivot, they will both con- 
tribute to overturn the figure ; and the grearter their diftance above the 
figure, the greater their force to overturn the figure.. In order then to 
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keep the figure in an equilibrium, the center of gravity of the counter 
weights muft be placed below the extremity of the pivot. 

This important point, which M. Bouguer calls the metacenter, might 
eafily be found in floating bodies, if the center of thek motion were in« 
variable and known. 

It is not my intention to follow M. Bouguer through the various fteps 
of his elegant inveftigation of this point. We (ball here obferve, that 
there is a great difference betwixt M. Bouguer^s metacenter and the point 
of rotation of floating bodies. Though, in Fig. 60, they be exad:ly the 
fame, yet in floating bodies it will be quite otherwife ; and it is poflible 
the point of rotation may be continually fhifting, from the time th« 
body begins its vibrations till it arrives at fuch a ftate as renders them 
regular ; but it is not fo with regard to the metacenter, as M. Bouguer 
has proved beyond difpute ; and c is certainly the metacenter, in Fig. 61, 
for the fub-merged part is fuppofed perfedly round. 

In order to apply what 'has been faid to Ihipping, let us examine the 
cafe of a cylinder (Fig. 62.) lying in the water, of which let aid be 
a fe<aion perpendicular to the axis; let eif reprefent the hold, which 
contains the ballafl, &c. e a and dj reprefent the upper works ; e f the 
line of flotation, and h the maft, of the fame fpecies with the (hip. 

It was before proved, in Chap. VIII. of the Appendix, that the weight 
t)f the whole (hip, including marts and rigging, and all above water, as 
well as all below water, was equal to the weight of that column of wa- 
ter difplaced by the fub*merged part. Now, ^, the center of gravity of 
the whole (hip, and likcwife i^ the ptoint where the pre(rure of the water 
is united, muft both be in the vertical plane bb^y s muft always be in the 
center of gravity of the fub-merged part ebf^ fuppofed homogeneous; 
or, which is the fame thing, the center of gravity of the column of wa- 
ter difplaced by the fub-merged part. 

It is evident that if, by bad ftowage, the center of gravity of the (hip 
be in k^ and that of the preffure of the water in /, the (hip would in- 
cline fo far to ty till the two centers, k and /, (hould be in the fame 
vertical Im {Fig. 63.) the (hip would then come to her bearings, and 
lay faft in the water, but in a very bad condition for (ailing. 

Now, as the fedtion of the cylinder e If, when it is inclined, is fimilar 
and equal to the fedion ebf when upright, it will follow that /, the 
center of pre(rurc of the water, will be in the vertical /iwj for it 
will always be in that line which bifedts the line of flotation. In this 
cafe, the metacenter does not (hift, becaufe the fdftion being a circle^ aU 
the verticals will pafs through the center ; tho', in any other form, this 
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point would {hi ft higher or lower, acxording to the indination of the 
body ; But it may be found by M. Bouguer't method, the inclmation 
being given. 

It will be proper here to remark, that the center of gravity of the 
fliip will always continue in the fame point, even when the (hip heels j 
for if it fliould happen to be otherwife, by the (hifting of the ballaft, or 
any other accident, it would be of very dangerous confequence. If then 
the center of gravity be in g {Fig. 62.) iathe line ^bj it will continue 
in that line, when the fhip lays over, as in Fig. 63 ; for it will not be 
in the vertical /my but it will endeavour to place itfelf in that pofition y. 
and the force of the preflure of the water, exerting itfelf in the diredion 
of the line Im^ both thefe efforts united will contribute to right the 
fhip; and this will always be the cafe, if the center of gravity, g, be not 
placed above the point c towards b 5 for, in that cafe, the weight of the 
ihip, and the preiTure 6f the water, would both contribute to heel; 
the {hip. 

We may, without having recourfe to M^JSouguer^s geometric nicety,; 
fhew how dangerous it would be,, to raife gy the center of gravity of 
the {hip, to any confiderable height above /, the point where the pref* 
fare of the column. of water difplaced is united^ as in^Fig. 64, if the 
center of gravity be placed in n^ no fooner does the ihip begin to heel; 
never fo little, but the force of gravity adting in the direction of the line 
n 0,. will caufe hec to. heel more, at the fame time that the preflure of 
the fluid, united in the point /,. adling in the diredlion of the line i p^ 
will {lill raife the body higher ;, and both thefe forces will continue to 
a6t in concert, till they both come to be in the fame vertical An. It is 
now very plain, the more we raife the center of gravity, towards b, the 
more we lower the center of pVefTurc of the water towards ^, the 
greater force will thefe two powers have to overfet the fhip : It is like- 
wife plain^ that if the center of gravity were placed in Cy it would con- 
tribute nothing either to heel or right the {hip. Laflly, the nearer wo 
come to ^^. the more will it contribute to keep the {hip upright; and 
when the center of gravity is below the center of preflure of the 
water, thefe two wilLadl in concert to. keep the fhip upright* 

The center of gj-avity mu{l not, at any rate, be placed above the 
point Cy which M..Bouguer calls- the metacenter; but it will be proper 
here to remark, that C, the center of the arch e hfy {Fig. 61.) will 
fcrve to limit the center of gravity, even when the body i&> fo light as^ 
to fink only to g 6 by in an. upright, or to i li>, in an inclined pofition j: 
It is eafy to perceive,, that if the center of gravity be in the line Im, any, 
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where betwixt <: and m, tlie nearer it is placed to ^, the greater pcjwer 
will it have to bring the fliip upright, by ftriigglmcr to bring itick intx) 
the line lb-, on the contrary, it ic be placed betwixt c and m^ the nearer 
it is to m the greater pv)\vcr will it hive to overfet tlie (hip. 

The center of gravity, then muil not be placed above the point r^ but 
the ftiip nmy coi^itinue upright, tho' it be placed above n. 

The misfortune is, that it is otdy fegnients of circles that have their 
metacenters in tlieir centers, and could they be as eafily found in fhips it 
would be a great advantage : It is true, M. Bouguer has furniflied us with 
a method to inveftigate the center of gravity, of a hull in form of a fphe- 
roid J but it is not my intention here to follow him in his refearches, 
which he has carried on with all the clearnefs they are capable of. 

As we confine ourfelves to what is diredly applicable to pradice; it 
may fuffice to have (hewn what eiFe<a the weight of the (hip, and the 
pre(rune of the water will have upon the ftability of the {h\ip, and that, by 
what wc have colleded from M. Bouguer ^ we may conclude that the 
metacenter (hould be placed a little above the line of flotation; but the 
center of gravity will be higher or lower according to the form of the 
bottom, or according to the manner of (lowing the hoW. 

At firft fight, it is certain that all the weight above the line of flota- 
tion helps to make the (hip crank, and of confequence, the lighter the 
upper works the (differ the (hip, and it is by this method of lightening the 
upper works, that M. de Goyon^ captain of one of his majefty's (hips; 
made thofe (liips carry fail which were before thought to be very crank. 

The builders may vary the form of a (hip, chiefly, in three dimenfions, 
to wity length, breadth, and depth : Let us examine how far enlarging 
of (hips, in any of thefe particulars, \yill contribute towards making her 
carry fail. 

If the length only, without altering the other dimcn(ions, be enlarged, 
the center of gravity and the metacenter will continue the fame height, 
fo her (lability in refped: of inclination to one (ide will incrcafc in pro- 
portion to the weight of the (hip ; and as the weight generally increafes 
or diminillics in proportion to the length, we may (ay, that in (hips that 
diflfer only in length, their ftability will be in proportion to their length. 
' It will be quite Otherwile, if we alter the breadth, for, by enlarging we 
gain, and by diminifhing the breadth we loofe a great deal of the ftabi- 
lity ; M. Bouguer has proved that the ftability increafes in proportion to 
the cubes of the breadths. For, fuppo(ing the bottom homogeneous, 
then, I ft. The increafe of weight, and of confequence of ftability, will be 
double the inorcafe of the breadth. 2d. Tlic additional weight will adt 
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tvlfii fo mucli the greater force, as the length of the lerer is increafcd, or 
;is the metacenter is raifcd, and the height of that point is augmented fnt 
propoFtion to the fquare of the breadth j hence, the ftability will be in-*- 
creafed in proportion to the cube of the breadrh : For example, without 
altering the other dinrjenfions, let the breadths be doubled, we thereb)r 
double the weight, which, afting upon the arni of a lever, double the 
length will be quadruple, fo the (hip will acquire eight times the ftability. 
Wc may prove this by an^ experiment upon two models, the one double 
the breadth of the other ^ if a ruler b I (Fig. 65) be ereded perpendicu- 
lar in the middle of each, and a plumb line jfkftened thereto, and if like- 
wife an eqjial weight «, be fufpended to each lever b m, we (hall find, 
by the angle the plumb line makes with the ruler, the ftability will be 
as 8 to I. We may like wife prove it, by comparing the different angles, 
made by the feme weight, or which, perhaps will be more finiple, let 
the indinations be equal, and, fuppofe the one model three times the 
Veadth of the other,, then we (hall find that it will take- 27 times more- 
weight to produce the feme inclination, or the fame weight placed if- 
times further from the axis than the other. Mence, in general,- the fta- 
bility will be. in proportion to the cubes of the breadths, provided all the* 
ether dimen^ns be equal, fo if the breadth be as 1. to. 3; the ftability/ 
win foe as t to 27, for zy is the cube of 3.. 

Experience has proved to the builders what tfteory has demonftratedi 
to M. Sntgufry for withont doubt. it. isfor that reafon they place the ex- 
treme breach of the mid (Rip frame- pretty near the line of flotation. It: 
vouM be tery mcomrenient to raife the breadth in midflirps ; but by ratf^ 
ing the breadth afore arrf. abaft wc gain in ftiffneis. Thia will appeat 
very plain, if wc compare tfie fcfllbn that forms a rcftangolar paraHelo- 
gram at the load water-Kne to one that fotmk a r&orobotdes, whofe 
afcute angles are- at the ftem and poft, wliichM. Bcnguer has proved to^ 
fee four timca the ftabHity of the other. Now when, by ittcrcaiing the 
breadth^ the water lines Beeofne lefs feir, and! therefore meets with^ mot^: 
pefiflfance m dividing the fitrid, it will not from thence follorw that will 
binder her foiling 5 on tfce contrary,, zs (he will thereby carry a great deal, 
more fail, it may afirft her going. 

We have hrther tor. cort(?dered the Bottom: as Bomogciieous, but it h cvf- 
dent, t*ie ftiftneis of a ihfp very much depends on ftowing the hold, as 
the center of gravity may thereby be lowened. 

If we only increafe the depth, without enlitrging either the len^rii or. 
Irreadth, all the ftabiFity we can gain will' be in. tfae? ftowagc ; which b 
the next thjng to be conftdered. 
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The feamen know very well that a (hip will not cairf a ftout fail till 
loaded fo deep that the furfacc of the water may glance on the extreme 
'breadth in midfliips, as the line e f^ (Fig. 65.) or a little above c d^ 
{Fig. 66.) and that they muft have a great deal of weight, fuch as ballaft, 
dinnage, Gfr. which ferves for no other ufe, but to bring the (hip to a 
proper trim in the water ; for if ftic be too light, as in {Fig. 66. J fhe 
will lay over till her extreme breadth^ refts upon the water j. hence it 
follows, that a (hip that carries a good fail will heel but little, and ply 
well to the windward j but if, for want of ballaft, the (hip be not loaded 
quite fo deep, if (he wants but a little, it will be no great difadvantage^ 
for after (he once comes to lay over to her breadth (he will go no far-- 
ther, and (he will fail very well in that pofition. 

There will be great danger in overloading a (hip, for then her guns 
will not be a proper height out of the water, an article of great impor- 
tance, and (he would meet with more re(iftance in pafling thro' the ^ 
water; for, admitting her to be loaded to the line /, {Ftg. 65.) (he 
would difplace no more water by heeling to the (idc 0^ and fo thepreflioa 
of the water would not contribute with the center of gravity to bring 
the (liip upright. 

I (hall not prefume to determine this point to a nicety, fo as to admit 
of no exception. It may fufKce to fay in the general, that a (hip (hould 
be loaded to her extreme breadth^ but it is not indi(rerent what manner 
ofballaft we ufe, for the quality and ftowage of the ballaft may very 
much increa(e, or dimini(h, the (lability. It is evident then we muft 
have no more ballaft than will load her to the extreme breadth ; fuppo(]ng 
400 tons, together with provifions, &c. to be fufficient to load a (hip to 
her breadth, we muft put no nK)re weight on board, but we may take 
Jieavief ballaft, by which means the center of gravity will be lowered 
proportionally to the fpecifack gravity of the ballaft. Hence is deduced 
the general pradice of flowing the heavy goods lowermoft, and the light 
uppermoft, whereby the (hip will be able to carry the greater fail. 

It is not a matter of indifference how goods are ftowed in the hold; 
for, fuppo(ing a (hip loaded with lead, guns, iron, or and other weighty 
goods, her hold would not be near full, when loaded to her proper 
water line ; and tho', by placing thefe goods on the floor, the (hip would 
xertainly carry a great fail, yet (lie would fail very badly, and be in dan- 
ger of being difmafted by her prodigious rowling and fudden jirks. 

The mariners finding by experience how dangerous this would be have 
in a £reat meafure, found means to prevent it by the dinnage, whereby 
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'■^ heavy goods may be raifed, this will make her rowl <afy, and g> 
faioothly thro- the water. 

What we have faid of the ftability of (hipping has infenffbly led ufi 
to confider the fowling and pitching ; we have already (hewn that the 
fowling may be very much prevented by flowing the hold -, the form of 
the bottom may likewift contribute thereto. 

To explain this by an example ; let us fuppofe the fedion of a (hip^ 
perpendicular to the keel, to be exadly round as (Fig. 63), it is plaiii^ 
if this be agitated in the water, it will have nothing to fupport it, becaufe 
k difplaccs no more water when inclined than when upright, and of 
^onfequence would rowl prodigioufly. But if we put a plank below ^ 
fuppofe to.^, to run quite fore and aft, it is plain, when the fliip is inr 
clined to the right, the plank g will difplace a column of water to the 
left, which will retard her motions^ and this obftrudlion will always adt 
contrary to the way the (hip heels, and will very -much dimini(h the 
rowling, but will add very little to her (liffnefs ; for, admitting the (hip 
to heel as in {Fig. 6}.) the plank ^g would contribute very little to 
bring her upright.. But the depth of the keel, the rifing of the. floors^, 
and the dead wood fore and.aftj. as in {Fig. 66.),, will anfwer the famt 
purpofe as the plank 6 g. 

In regard to the pitching,. lanv of opinion, the be(t method that can 
betaken will be to proportion the capacity of every part to the weight 
it is to contain, and it will be very dangerous to depart from this rule j we 
have an inftance of it in the yuno of 60 gunS) which, wanting capacity 
abaft,, was always a very bad failer;. and, notwithflanding all propet 
means were ufed to remedy this> by moving, the iron ballaft forward^ 
and the fore-mafl guns aft, yet all their endeavours proved unfuccefsfiil^ 
for (he fomctinoLes pitched, ta that degree, that her counter was unde? 
water, 

. It would not be adVi(eabIe to build a bad (hip on purpofe to* try ex-» 
periments;. but when we (ind a (hip that has fome bad qualities, it 
will be of (ingular ufe to find tlie proper means to remedy the fault. 

In order to comprehend the means to.be ufed to prevent the. bad con- 
fequences of violent pitchings, let us fuppofe a (hip at reft, and a. fea 
taking her afore ; if the bow be well fupportedi that is to fay, if the fore- 
moft frame be pretty full, and her breadth line of the rifing. of the floos 
not carried too. high, this ve(Ic?l will infallibly rife with. the fea ;: it istrue^ 
when the fea leaves her (he will fall again, but it will be eafily^ becaufe 
the breadth increafes gradually, even above the load water line; and thi^ 
Cwelling of the. body^^^ being gradual, will hinder the (hip from falling with 
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tfudden {hocks j on the contrary, if (he he very Hiafp fcM-ward, (he Witt 
not pitch fo much) but (he will, in the Tea term, bury herfelf under 
water forward^ fo that the fbremoft guns will be entirely unferviceable 
in a fea-gate. 

We may perceive then, that their are two rocks to be avoided ; chough 
the breadth muft be carried above the load-water line, to fupport tht 
bow that Hie may rife to the fea, yet it muft be divided in parts to pre- 
vent violent pitchings. 

Let us ftill confider the (Iiip pitching, or heaving and lending, in & 
fea- gate ; if the foremoft frames nave no hollow, that ie, if they be ftrait, 
from the breadth to the rabbit of the keel or flem, or if the vertic# 
curve refcmbles a wedge, thofc (hips will fall eafy, becaufe the breadth^ 
increafing gradually, the reliftance will likcwifc be gradual ; but, on the 
contrary, if they are vefy (harp below, and the frames form a hollow 
from the rabbit almoft quite as high as the breadth, it is plain (he will 
meet with a very fodden (hock, as the fea meets with no oppofition, tiU, 
4b11 of a fudden, it is refifted by the breadth ; fo that, in general, it is 
iefs dangerous to have a foil bow, which will riie to the fea, than a very 
iharp one which will plunge the (hip's fore*caftle in. 

Hence, the whole art confifts in finding the proper mean betwixt tbefe 
two extremes ; that is, to give the (hip fuch a form as may ri(e and fall 
^afy into the fea, and likewife not hinder her failing* 

We have now ghren our readers the fubilance of what thefe two flni* 
flient mathematicians have faid on the theory of Ship-building, and for 
further particulars, beg leave to refer them to the originals 5 • they will 
then be able to judge how far they have fucceeded in determining the 
nece(rary data ; one thing may be remarked, that they at laft refer us to 
experience, but experience feems not to agree with M. Bouguer^s principle^ 
on which he fays the velocity depends : For he aderts, that if the midmip 
frame be carried before the middle of the (hip, it willobftrud the velo* 
city J becaufe the bow will thereby become fuller 5 however he placed 
it at one twelfth of the length before the middle, to give the helm more 
porchafe. 

I (hall now give our readers an kccount of fome experiments taken by 
^neof our own countrymen, whofe aMities are unexceptionable. He, 
hy long experience, and unwearied application, has made feyeral ufefol 
difcoveries, which baffled the deepcA refearches of the mxA eminent ma*- 
thematkians ; his experiments prove bejrond difptrte, that we (hall gain in 
Ipoint of vek>city, in carrying the midfliip franae before the middle, perhaps 
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jittwo thirds of the length from the after end. I (hall not take upon 
«ie toafiign thereaibn of this, but there is no difputing againft matters 
tbi fad:, perhaps it may be owing to what I faid on that head, when 
treating of towing a maft, butt end foremoft, or it may. be on account of 
the center of gravity, which will thereby be further forward ; it muft 
'l>e allowed this laft circumftance will give the helm more purchafe, tho* 
it cannot be difcovered by his experiments, the whole defign of thefc 
fpcperiments being to determine the form of that body which will go 
thro' the water with the greateft velocity, and to afcertain the moft advan- 
tageous fituation of the midfhip frame, and that this muft be nearer the fore 
patt than the after part, he has demonftrated in fuch a clear, elegant, 
and familiar manner, that I fhould only difcover my own weaknels^ in 
prefuming to iky any more on that head ; fo I (hall give it in his owa 
words* 

0/ the FriStion^ or lattral Prejfure of Water. 

TH £ cylinders made ufe of in tke following experiments were folids 
of feafoned oak« 36 inches long, by four inches and a half diameter \ 
the fides were flrait, and turned exa^ly round. 

A, tfi Fig. 74, is the fbindard to make the comparilbn from ; when 
the pieces i, 2, 3, 4, 5, are fcrewed together, they make the cylinder 
B €qual to A, thefe are drawn thro* the water with the end 5 forcmoft 5 
until (by encreafing or kflening the weight a little at the roller or pully) 
^ velocities ag;ree« 

After which take out 2, and put together 1,3,4, and 5, which make* 
the figure C to be one fourth part fhorter than A> at which time it gains 
the velocity of one eighth. 

Then take out 3, and put i, 4, 5, together, and it makes the cylinder 
D $ which being drawn againft A^ as before, it makes the velocity on^ 
foorth part more. 

After which, if we join i, 2, 3, 4, and 6, together, it makes the cy- 
linder E, With BO more difference from A, only that there is a diredt 
flat fuperficies in lieu of a convex 3 this drawn againft A, lofes in velo* 
city one fixth part 

Takeoff 6 and join 7 j it makes the figure F, a concave, and, when 
<kawn as before, it lofes one fourth part of the velocity « 

When the flat fuperficies is drawn hindermofl, it lofes one twenty-*- 
ifoufCh part. When the concave Is drawn hindermoft, it lofes the fame 
ioc twcnty-fourth part; 
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From fuch experiments^ we may gain a prdportion for lateral prcflbnei 
or friaion i we alfo fee the great difference between a convex and a fiat 
fuperficies to feperate the water ; and the difference between a concave 
end to feperate the water and a flat fuperficies ; alfo between a concave 
and a convex end -, and alfo, that there is a fenfible difference as to its 
feperating the water, by being foremoft, tho' not fo by the clofing in of 
the water by being hindcrmoft. 

Thefe things may be of fervise in theory^ and feeoi capable of being 
improved by further experiments* 

NOTES relating to EXPERIMENTS., 

Method for knowing the lines of leaji ref fiance^ Intended for the pur^ 
pofe of forming the Bodies of Jhips ^ alfo^ relating to an attempt for 
finding the proportion for tbeJriSHon or lateral prejfure of water ^ 

Provide a ciftern for the water as reprefented in the pkte {Fig. y^J, not 
lefs than 30 feet long, and divide it in halves by a partition length ways,, 
that the motion of the water in one part- may not difturb that in the others 
Dbferve„ as the leaft blowing of the wind diff urbs the furface, it is beft to be 
under cover, namely, in a (hed or warchoufe. 

Obferve the puUies, reprefented on the plate, be made very exad, the- 
• lines may be filk or Indian grais^ 

There muft be alfo a line ftrained very tight over the middle of each 
water, and wires fixed upright in the end of each block or fplid ; which 
by the ends, turning back over the line, keeps the block or folid diredl 
in its courfe. 

At each end of the block is fitted a fmall ffaple, by which the lines 
fatten with a hook to draw the block ; there muft be time given-between 
each drawing for the water to become ftill.. 

The blocks muft be as near as poffible equal in.vireight, and fwim truly 
level with the furface of the water ; if they do not, it miift be remedied 
by cutting out a fmall piece, or by making a groove in the folid, and fo 
trim the block by putting in fmall fhot; The whole will require much 
caret and exadtnefs. 

The figures reprefent folids, whofe lengths are 2 feet* 3 inches, and 
diameters fomething Lefs than one third of their lengths ; thefe are made 
perfedly round, one end of thefe folids is of one fliape,. the other end^ 
vary as the figures reprefent^ 
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TThe quantities and weights are made equal and drawn thro* the water, 
%nth equal power, that is, firft make the (landard folids agree in velo<« 
city, then fix equal weights to the lines that pafs over the rollers. 

Whoever repeats thefe, or proceeds in making other experiments will 
do well to obferve, what weight nearly he chpofes to ufe i for, if the 
power is very ftpall, a little obftacle may impede the motion of the folids 
too much. If the weight is great, the velocity will be too much for 
the obferver to decide with exaftnefs the difference of velocity between 
the two moving folids. 

POSITION. 

Thefe blocks being pcrfcdly round, and as the water prellcs on bodies 
ki all diredions, therefore, thefe blocks are truly reprefented by finglc 
lines in the figure A, B, C, D, in (Fig. 76. ) and without having other 
lines of different curves intermixt with them ; fo that which foevcr of 
thefe folids (hall have the greateft velocity, has fo far the lines of lead 
refiflance. 

E X P E R I M EN T. 

There were two blocks or folids reprefented by figure A, of equal weight,^ 
fize, and velocity. This velocity was made equal by altering a little the 
weight that paflTes over the brafs roller ; one of thefe folids is made a ftan- 
dard to try the other, otherwifc we could not have known fo perfedlly 
which end foremoft, of A, would have the greateft velocity. 

Reverfe the ends. 
A drawn againfl A equal velocity. 1 f ^ againft A lofcs about one 2 7th. 

1. / J r ^ 



B againft A gains in velocity about one i6th. ( ^ G againft A lofes about one 16th, 
C againft A lofes in velocity about one 70th. f / F againft. A gains about one 1 4th, 
D againft A gains in velocitv about one 9th. j (. £ againft A lofes about one 9tlu 



Obferve, that if the brafs rollers arc not cxadl, they will afifeft the 
motion of the folids j fo that it is proper to change each folk!, together 
with its weight, over each roller, for the fame reafon we change the 
weights to try fcales. The roller which upon careful trial appears to in- 
creafe the effect of the weight may be leiTened in the circumference, or 
the other increafed in the circuaxference. 

D hath the greateft: velocity, I fay it is becaufe the breadth de- 
clines nearer the head than m the others, which eafes the la- 
teral preffure fooncr th^ in tbff ^hejs. The extreme breadth pf * the 
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figure B> is nearer the end, vrbich breaks open t&e water fbdoer^ but tfieir 
tbe breadth is continued further aft, by a flirait fide» fp thaf tha firidiotr 
is not eafed by the declining of the fides fo icon at m {>^ and therefore 
tbe difference in velocity is accounted for as before.. 

Experiment with tbe Solids I^ K, L, (Fig. 77.) 

I, and K. are two diftin<fl blocJcs, the extreme breadth of tach is 11* 
the middle *, they are equal in quantity, equal in length,, and equal in 
weight, but not equal in breadth. The block K is narrower in the 
middle and fuller towards the ends : The block I is broader at the mid- 
dle, and narrower towards the ends ; they are drawn, and found that K. 
hath mott velocity than I, by one fi^rty-fixth parr. 

L is the fame lengthy fame breadth, fame quantity as I; the extreme: 
breadth of this is removed from the middle to one third of the length^ 
from one end, by which means one end is fuller, and the other }aft fo^ 
much the (harper, and the floor (horter i this dfawn, the fall end fore-* 
moft, againft I, gains in velocity one ninth part, and when the ft«irp end 
is foremoft, it lofes one^ ninth part. 

, Doth not this (hew, that* if a (hip was built with the lines that form, 
the body fimilar to the folid wbofe breadth is in the middle, and if ano^ 
ther was built with the lines that form the body fimiiac Co t&c loUct 
wbofe breadth is one third from the ftern, the ktter wouhi iofe of the: 
former one ninth part of the velocity ? 

If another (hip was boilt, who(e lines that ibrna; the body were fisai* 
lar to the folid wbofe breadth lay at one third from the head, it would 
outfail the (hip who(e breadth lay in the middle one ninth part* Alfo, 
that the (hip whoTe breadth lay at one third &om the head^ woi^ld out- 
fail the (hip wbofe breadth lay at twa thirds diftance fronsi tbe head> 
two ninth parts of the didance vun* 

The abfolute and relative force of a current of water, againft the fore- 
part of a fhip) may be computed fron^ the fines of the angles of iilci- 
dence taken in many parts, as is defcribed by M> Dubamei^ or fomfe 
mher way equal thereto, as for aft as the mklfliip frame ; and as the 
mld(hip, or the wideft frame may be placed in the middle, or ferther aft 
er further forward, and the quantity of the bulk remam the feme in the 
whole ; fo by moving the mid(hip fraBW ftwthe? aft, the fiftes that forna 
the fore end of the (hip thereby runs neater a paratfel to the keel, and 
confequently haue the Icfs abfohite refillance to the current of water • 
hxA this accounts but for one pare only, that is the refiftemce of the cur-^ 

rent 



Digitized by 



Google 



i 97 ) 
rerft from the ftem to ^e iftiddle of the (hip. Yet there Is a fri<aiQn, if 
I may fo call it, from the lateral prelTure of the water againft the fides 
and bottom of the fhip that muft be confidered alfo, which I will en- 
deavour to explain in the manner following. Water, according to its 
depth, is by its own weight coniprefled together, againft the ends, fides, 
and bottom, in all diredions ; if the body placed therein be not fp;ci- 
fically heavier, the water will bear it up, and, in proportion, as the body is 
lighter, the more it will float out of the water j this is familiarly known, 
but the applying this to the prefent purpofe miy bear ftating in this 
manner. 

Water, or any liquid, placed in a box, or veflcl of any figure, prcfles 
againft all the fides with a force equal to its depth, and, at the fame 
time, the whole weight on the bottom. On the contrary, when a veflel 
is placed in water, the water preffes the fides and ends inwards, and 
upwards, under the bottom, with a force to bear up the vefifel, (hip, or 
any pther figure whatever, that is not fpecifically heavier than the 
water. 

The moving this body, as it is thus circumftanced, with the water 
prefling againft it on all diredlions, muft put all the parts of the water 
that are next, or near it, in a ruffle and fort of confufion j the particles at 
the fore-end of the fhip, near the bottom plank, appear to be conftantly 
removed by frefti particles of the current prefling in, and impelling 
againft them, and fo one after another ; but when we come to a more 
ftrait part of the fliip's fides, and the declining part of the (hip's bottom, 
the particles next the plank are not fo foon difpaced ; this appears, from 
obferving the grafs that grows on the fides of the (hip 3 it (hall be feen to 
grow right out, and wave backwards and forwards, from the fides of 
the fhip, as if the water had no motion, when at the fame time, the fhip 
may be failing three four or five knots an hour, or more : This is, in part 
the cafe when the fhip's bottom is clean, but much more fo when the 
bottom is foul. This atmofphere, or carrying part of the water along 
'With the fhip, is what I have here called fridion, and is to be confider- 
ed, and muft be taken into the account of the refiftance. In order to 
form fome conception thereof, the folids, reprefented by the figures, were 
contrived, being turned exadlly round, and the water preffing in all 
dire<Stions, they are by me efteemed as fingle lines. 

By thefe experiments, it appears, that by moving the middle frame 
from the middle, nearer one- end ; that end unto which the wideft 
frame is neareft, gives the greateft velocity, when turned foremoft, and 
ibcontrariwife it is revcrfe. 
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Now It is plain, that by fo doing, the entrance of theihip doth make 
a more fudden, or is of more abfolute force againft the current of 
the water, than when in the middle of thefliip, or.folid, on which the 
experiment is tried. To account for this, I am fatisficd. with conceiving 
that by moving the midfhlp frame nearer the fore-end of the. (hip ,thaa 
in common is done, the body thereby declines fo much fooner, aod 
takes off part of the fridtion caufed by the lateral preflure, which appears. 
to be of more fervice to the velocity, than what is loft by making the fore* 
part of the (hip fome what fuller. 

To in(ift that the difference in velocity of thefe experiments, as fet 
down to that account, is exadtly neither more nor lefs, than what is^ 
there mentioned, may not be ftriftly or fcrupuloufly true,, but that it is; 
jiear the truth is demonftration j and it hath been long ago (hewn by 
Sir Ifaac Newtonythait 2L blunt headed figure, impelled in the direiflionof 
its axis, was the (hape of leaft refiftance in a fluid j but the propereffe 
proportion between the length and breadth is not deduced^ 

In the next place itrefembles nature, in the form o£ the faft fwimming; 
fifhes, and hath been experienced with fuccefs j from all which- it is 
become to me a rule, or pattern, that, fo far as other confiderations will 
admit, the lines that form the bodies of (hips (hould be (imilar to the- 
pattern that had the greateft velocity. 

Suppofe a cruifing (hip had all the perfedions In her dimenfions,. and 
every other part, and the midfliip or broad-fide frame iplaced near the 
middle of the (hip, and built (harp at the ends j confider the weight of 
the fore-maft, rigging, and fails,, belonging to her ;. the anchors at the 
bows, which,' with the prelTure of the wind into the fails,, all unfupported 
but from the body farther aft, and united to prefs dowa into the hollaw 
of every fea; I fay, for want of more body further forward, fucha (hip, 
muft plunge deep, and hinder the velocity y this is not the cafe of the 
hinder part of the (hip. Another con(idcration is, the (ide refiftance of the 
bottom of the (hip muft not be equally forward to that abaft, for, if it 
was, the (hip muft be trimmed greatly by the ftern, qr her rudder would 
not command her, to bear up in a gale of wind. When, a (hip is prc(t 
with fail, the water is forced up at the bow, a little .above a level, and . 
the (hip is prefTed a little down, which amounts to the fame, with.re^' 
feci to her helm, as if the (hip was trimmed by the head. Then (hips 
that carry their tiller near the middle in light winds, require it more a 
weather, when it blows. Suppofe, by moving the midlhip fraine a 
lltde farther forward than M. Dubamel propofes, and is commonly done, 

if 
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if it did not add to the velocity, by fo doing," provided it retard not the 
fiiotion, it is of fervicefor the reafons mentioned*— -— So far thefe Ex- 
periments» 

We may now venture to affert, that by carrying the midfliip frame 
forward, as in the preceding experiments, we (hall gain, not only in point 
of velocity, but likewife, according to M. Bouguer^s own principle, in 
point of fteerage, which will be a double advantage. 

As thefe experiments were made in ftill water, it nlay hto prefumed, 
when a (hip is to encounter a great head fea, there will be at lead as 
much, if not more occaiion for a full bow. 
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72^ Method of ievel/ing- the Cant Timbers^ hythe- DtagonaT 
Ribbands^ and likewife the Fapion Piece of a Square- 
Tucky by Water Lines. 

* To bevel the Cant Timbers by Ribbands. 

'TT^ H E angle F o b^ {Plate VII. in the foregoing treatife) will be the- 
i angle which the fafhion piece will make with the third ribband : For 
being the point where the plane of thefafliion piece interfcfts the thirds 
ribband ^ a line drawn from o to F, will be the line in which the plane of the: 
timber interfeds the plane of the ribband : But then, as thcfc planes are not 
perpendicular to one another, theangle Yob will not be the true. bevelling,, 
unlefs the bevel be fo applied that the tongue may be in the dircdtion of the 
ribband, and then the ftock cannot lay flat upon the fide of the timber :: 
For which reafon this method will not do for praiflicc ;. for the fureft 
way to take any bevelling, is when both the, ftock, and.the tongue of the.; 
bevel are fquarc to the timber- 
In order then to find the true bevelling:upon a fquare, the diredion in; 
which the ribband interfeds the timber muft be given, as well as the an- 
gle F^^; and likewife the breadth of the timber : Nowif thefe three 
be given, the angle upon the fquare may with certainty be found by the 
follow method. 

Let the diftance betwixt the parallel lines A B and E F be the breadths 
of the timber; B j. the diredion of the ribband- and /^ ^ what the be-»- 
velling is without a fquare. {See the Fig. under the Scale, Plate VIL) 

Now, that we may the eafier conceive how this bevelling may be 
found, let us fuppofe the timber to be qijite ftrait, fuppofe the partition of 
thecheft, Page 124 j and firft trimmed fquare. TheUj becaufe abh 
what it is without a fquare, it is plain there muft be.fo much lined off the 
aft fide of the timber ; the line a B will be the breadth ®f the outfide of 
the timber, in that diredion before the wood is taken off; and if B D 
be made equal to B a, and D d equal to a b^ and the angle at D a right 
one ; then it is plain the angle ABd, equal to the angle Fob, will be the 
bevelling, if the tongue of the bevel can be kept in the diredion of the 
line B a : But when the ftock of the bevel is laid flat on the fide of 

• Thcfe dircflions are again infertcd in the Supplement for *lhc benefit of the 
Purchafers of the firft Edition, 

the 
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Ac timber, the tongue will naturally be perpendicular to the plane of 
the timber,, which will be in the line B F j and if F/' be made equal 
and parallel to D ^i then will the angle A B/, be the true bevelling 
vpoaa fquare. 

DEMONSTRATION. (P/ate VIl.) 

In the right angled triangle ^ F B, B F the breadth of the timber is 
given, and a B the common fedlion of the plane of the ribband, with the 
plane of the timber; again in the right angled triangle AaBorBDdy its 
equal, we have ^ B or B D the breadth of the timber in the dire<ftion of 
the ribband, when the timber is yet fquare, and Aa^ or D d, what the 
bevelling i« without a fquare, fo the angle A B D will be the bevelling. 

But if B F were the common feftion of the ribband, and timber, then 
the line of diredlion would be fquare to the timber, which does not alter; 
what the bevelling is without a fquare, viz. the line aBor D d. 

In the right angled triangle F B/, F/i and FB are given, hence wer 
have the angle A B^ the bevelling on a fquare ; but it is plain the rib- 
band will be higher on the aft than on the fore fide, when in. the after 
body, and the contrary wlien in the fore body; therefore the.heighth of 
the ribband muft be transferred from the contra to the moulding fide, 
which muft be the firmark when the bevel is fquare to the timber; fo- 
Ae firft thing to be done, is to find the height of the ribband, on the- 
contra fide, for its heighth on the moulding fide is given before the tim-- 
ber can be formed. . 

• Bfeforewe givedircdion how to find this, it will be proper to obferve,, 
firft, that tho' the planes of the fquare timbers interfefl the planes of the 
ribbands in the diagonals, in the body plane, yet the cant-timbers do not, 
for the plane of the 4th ribband cuts the plane of the fafliion piece, in the 
line r F, and not in the line r J. Secondly, we muft remark, that the 
breadth of the timber muft be determined, which, fuppofe F ^ in the 
floor plane, fo fliall r B reprefent the forefide of the fifhion piece, on the 
floor plane, it being parallel to F P, which rcprefents the aft fide : Let 
F^ he fquare to the point F^ fo the fore fide of the plane of the fafliion 
piece muft be broader than the aft fide, by the length of the line B e, that 
being what its bevelling to the ftieer plane is without a fquare ; this being 
premifed, we may find the heighth of the third ribband, on the contra fide 
of the faftiion piece, and from thence find the bevelling of the cant tim- 
ber by thefoJlowiag method : . 
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\'li. Take B ^ that is, what the fore fide of the plane of the foihioii 
ipicce is without a fquare j fct this off on the perpendicular r dy in the 
body plane, and draw, the line ^/// parallel to K O. 

Note. The line dd will be in the fore body for the after cant timbers, 
^nd in the after body for the fore cant timbers. 

2d. Produce the common fedlions of the planes of the ribbands, on 
the aft fide of the fafhion piece, to cut the line d d, as F r in the plate 
meets the line d d in e. 

2d. From the point ^draw a line paralW to r F, which will be the 
common fedion of the plane of the ribband and the plane of the forcfidc 
of the faibion piece ; ule the fame operations for finding the other rib- 
b&nds, as you fee in the plate, and call them new diagonals. 

4tb. Find points in thcfe new diagonals thro* which the curve of ano- 
ther cant timber would pafs, this will be the fore fide of the jfeQiion 
piece, obferving that the lines taken from the floor plane muft be fct 
ojQFfrom the line d d^ and not from the line K O ; the diftance of thefc 
points from the curve of the aft fic^e of the fafliion piece will be what 
the bevcUings is, within or without the fquare. In applying .the bevel, 
the flock muA be laid on the new diagonals, but when tliis is not fquare 
to the timber, take the neareft diftance to the curve of the moulded fide 
of the timber from the forefaid points, and there place the firmark, fo the 
ilock and tongue will be fquare to the timber, as in the firft ribband, and 
from thefe points make an exa£t bevelling board, as in the plate ; the like 
procefs may be ufed for the fore body. 

The difference of the heighth of the ribbands on the moulding, and con- 
tra fide, may be had by projeding the planes of the diagonal ribbands on the 
fheer plane. The forms and bevellings of all the other cant timbers may be 
had by the fame method, but every timber will require another line, for 
the line dd will fall betwixt that and the line K O, till at lafl it 
coincides with it, that is, when the timber has no cant, and the new dia- 
gonals will be approaching to thofe that reprefent the planes of the fquare 
timbers in the body plane. 

The cant timbers may likewife be bevelled by water lines j their planes 
are reprefented by level lines in the body plane, which, in fome cafes» 
will be very oblique to the curve of the timbers, but this may be reduced 
to a fquare, and the bevellings found as before direfted : See that of the 
iirft tranfom in the plate. 

To bevel the fajhion piece of a fquare tuck by water lines ^ 

The fafhion piece of a fquare tuck may bevelled by water lines, in the 
i^ex^anner thp cant tiinbers are bj ribbands^ for as it both rakes and 
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cants, the planes of the water lines will interfeft it higher on the aft thaa 
en the forefidc ; and, before we have .their heights on the forefidc, the 
breadth of the timber muft be determined, which fuppofe b n {Fig. 71.) r 
but this is not all, for, as it cants, the breadth in the diredtion of the water 
line, will be more than the true breadth : In order to find the true breadth, 
form the aft fide of the faftiion piece, as directed in page 140 ; bat, as we; 
intend here to allow for the thicknefs of the plank, we Ihall alter both 
the rake and cant. 

Let / 5 (Fig. 69.) be the aft fide of the rabbit on the out fide of the 
poft ; W M the common fedlion of the plane of the fafliion piece, and 
fheer plane ; but before this laft line can be determined, draw the feve- 
ral .water lines i, 2, 3, 4, and 5, parallel to the keel, which may reprefent 
. fo many tranfoms j let all thefe water lines be formed and ended at the 
aft fide of the rabbit, as in Fig. 70, where the round aft of the tran- 
foms is defcribed, and limits the curves of the water lines. Now the 
line W M muft rake fo as to leave room for half the thicknefs of the 
poft at the tuck; in order to which, produce W^ to r, make r g half 
the thicknefs of the poft, thro' r draw a line parallel to^ M, to interfedt 
gG in 6i with the radius r b from x, the point of the tuck as center^ 
defcribc an arch, and draw the line W M juft to touch the back of 
that arch. 

The lines parallel to ^ G muft likewife be fo drawn as to cut off no 
part of the tranfoms in (F^g. 70.) the lines ^G, <sr4, ^3, are abaft the 
ends of the tranfoms, fo all that wood muft be taken off after the fafhioa 
piece is bevelled. 

Having thus drawn the line W M, firft afllume any point ky at plea-, 
fure; in the lineWM, Fig. 69, let fall the perpendicular >i^, and 
draw yj parallel to g G, to interfedi a perpendicular drawn from the 
point M. infy Fig. 70. 

2d. From M draw the line M i fquare to yjl and then the line y n 
fijuare to W M. 

3^. Make M «, Fig. 71,. (equal to M i, Fig. 70.) the bafe of the 
right angled triangle knM^ of which M it is the perpendicular equal to- 
6y ; fo the angle knM will be the bevelling to the hori2:ontal plane ;, 
and to find its bevelling to the fiieer plane.. 

iff. Make M z, Fig. 71. (equal tony, Fig. 70.) the bafe of the right . 
angled triangle y*2f M, Fig.yiy of which, / M the perpendicular, is equal 
toy M, Fig. 70 ; fo the angle JzM will be the bevelling to the fheer, 
as demonftrated in page 126. 

Having thus found the bevellings, draw the line ab^ Fig. 71, parallel 
to « « i kiza, equal n by be the fcantling of the timber, then n x will be 
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the brcaclth of timber on the horizontal, and ;s^ Its breadth on the fheer 
plane, and ac what it is within a Iquare. 

Now, as the lines ^ G, ^ 4, j 3, /j 2, ^ i, rcprefcnt the aft fide of the 
fafliion piece on the horizontal plane. Fig. 70, we may draw the dotted 
lines parallel to them to reprefent the fore fide as in the plate ; making 
nx^ Fig. 71, the fquare diftance betwixt them, and their correfpondings 
•on the aft fide, and by thefe dotted lines form the forefide of the fafliion 
piece in the fame manner the aft fide was tbrmcd ; but thewater lines on 
the fore fide of the plane of the fafliion piece muft firft be drawn, in 
JFig. 65?. Thus, 

ift. Draw the lines elf and cJ parallel to WM, (Fig. 69.) making 
the diftance betwixt W M and e b equal to ac^ (Fig. 71.) and the dif- 
taiKe betwixt WM and c d equal to zc. {Fig. 71.) 

2d. Draw a line parallel to W F, through the point where the line 
-cd interfeds the fifth water line, Fig. 69; draw aline parallel to a A, 
through the point where the fourth water-line interfedts the line ct/. Do 
>the fame by all the water-lines. 

We may now projedl the fore-fide of the fafliion-piece by the new 
water-lines, obfcrving that the diftances muft be fct off from the line e fi^ 
and not from the line W M j or find the points through which the curve 
should pafs on thefe new water-lines, and the neareft diftance betwixt 
thefe points and the curve of the aft fide, is what the bevelling is with- 
out a fquare, when both ftock and tongue are fquare to the timber; and^ 
when the water- lines are not fquare to the timber, reduce the bevelling 
to a fquare one, and place the firmarks on the moulding edge, as you 
fee in the plate, and from thence transfer the bevcllings to a board, the 
cxadt breadth of the timber. 

After the timber is trimmed and bevelled fi-om the aft fide, there will 
be a fpiling, e d^ {Fig. 70,) to be fet off forward from the line Gg 
produced -, and a fpiling, cc^ from a ^ produced ; laftly, a fpiling, /w, 
from s 3 produced ; and as the aft fide of the fafliion- piece winds, there 
muft likewife be fpilings fet off for the infide, as in Fig. 69. 

Let II, 12, 13, 14, Fig. 69, be the infide of the fafliion-piece ; 
make ^,11, Fig. 70, equal to W, 1 1, Fig. 69 ; ^, 12, Fig. 70, equal 
to tf, 12, Fig. 69, &c. So II, 12, 13, 14, will be the fpilings, and 
wear off at the point i; Fig. 70. 

There will be no occafion to fide the moulding fide of the fafliion- 
piece quite ftraitj it may be fided fo, that, when the mould is flightly 
fattened to it, the head of the fafliion- piece may round from the mould 
nearly the whole quantity of the fpiling, and then it may be bevelled 
irom the mouldy and afterwards the proper fpilings fet oft*, 
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The timber being thus trimmed^ the planks wiH come to the aft fide 
t)f the fafliion-piece, which will make the ends apt to ftart off with the 
caulk ifig; to prevent which the thicknefs of the plank muft be fet off 
without the moulding edge of the faihion-piece, as in the plate ; and» 
when the fefliionpiece is bevelled to this mould, wc (hall have the whole 
thicknefe of the plank, without the moulding edge both of the aft and 
fore fides j fo the planks may be rabbittcd into the falhion-picce, leaving 
fubftance enough on the aft fide to cover the ends of the planks. The 
planes of the timbers, in fome cafes, cut the plank very obliquely, which 
will occafion the plank to be thicker in that diredtion than really it is ; 
therefore the thicknefs of the plank, in the diredion of the plane of the 
timber, at each water-line, muft be determined before the mould can be 
«nade. This will be a very difficult taikj however, we fliall endeavour 
tto perform it in the following manner* 

I ft. Draw a line fquare to the fccond water-line, at the point 2, 
vhere the plane of the faftiion-picce interfects it on the floor plane. Fig. 
70 ; and produce this line, from the middle line, to interfcdi: all the o- 
ther water-lines, which muft be produced for that purpofe 5 fo the fquare 
line, in Fig. 70, will be 2, 2, v. ^ 

2d. Form a cant timber in the diredion, or cant of that line, as in 

Fig. 68. 

3d. Set off the real thicknefs of the plank iquare from this timber^ 
to interfedk the corrcfponding water-line in the point r j fo r j will be 
the thicknefs of the plank on the plane of the water-line. 

4th. Set off rs parallel to the fecond water-line. Fig. 70 ; to avoid 
confufion this was done by a pencil, and we have only the point Ma 
the plate, where the plane of the fafliion-piece interfcfts it. 

5th. Produce b 2, Fig. 70, to interfed the curve in / ; fo / 2 will be 
the thicknefs of the plank in the direction of that line. 

6th. Produce the line b H, Fig. 69, to y, making Ay, Fig. 69, c- 
qual to b /, Fig. 70 ; fo q will be one point of the curve. 

Thpiigh this method may be too tedious for practice, yet, as it feems 
to bear a mathematical demonftration, we have adventured to infert it ; 
far from imagining that there are not other methods better adapted for 
that purpofe j for, without fome fuch contrivance, a fliip could not be 
t>uilt exaftly of the fame dimcnfions with another already built, having 
t)nly the dimcnfions of this laft, by taking them off when in a dock, 
which muft be from the outfide of the plank ; whereas, when they 
form the timbers, the dimcnfions muft be taken from the infide of 
the plank. 

Su^. O On 
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On the Mafling of SHIPS, 

AS M. Bauguer has given us the general proportions for the tengthi 
and diameter of mafts and yards ufed in France^ it may be expedtedi 
we {hould give the [H-oportions uCed in England^ 

It muft be owned» the art of making (hips is quite as imperfefk as 
that of forming the bodies, for they bear no manner of proportk>n to znf 
of the other dimenfions of the (hips, and feem ta be wholly regulated by 
the judgment and experience of the commanders. This will appear 
very plain by examining the dimenfions of the mafts and yards of the 
following (hips, and comparing them with the breadths and lengths c£ 
thofe (hips>. and yet their commanders were all allowed to be expert fea- 
men.. 

Dimenjions of Majh Jtr East-Ihdia. Shifs^ 

Lmgth. Diameter.. Length. Dfauneterr. 

Feet.. lodiet. Feet. Iiicbce». 

MAin-Masi» 8o 244 Main-Yarsi. 66 i6r 

Top-maft 50. 1.5: Do. 52 12^^ 

Top-gallan^ma(t 28 8 Do. 36 6. 

Fore-Mast 72 24. Do.. 60 15 

Top-mafr 48 hg Do.. 48 12 

Top-gallant-mafc 25 7^' " Do.. 34 gi: 

IAizen-Mast 76 17 Do*. 61 i2t 

Top-maft 3JS 10^ Do.. 36 ji 

Bowfprit 50 25 Do. 50 12 

Jyb-boom 36 11 Crofsjack 50 iif, 

Dimenfions of Gaff. KENHEDY'i Mffis and. Tardsy.^ about 1S2 Tuns^ 

Length. Diam. Length . . 

Feet. Inch. Feet. 



Main-Mast 6a i6t Yarj> 

Top-maft 33 10 Do... 32 

Top-g»lkmt-maft: l8 fi Do.. 24 

Fori- Mast 56L i6\ Do. 39, 

Top maft * 30 9jj: Do.. 39.. 

Top-^lan^maft x6 5 Do. 22. 

MizwMast 53> IX Do.. 40 > 

Top-mail J28 6i: Do. 24. 

Bowfprit 316 1 6^ Grofsjack and fpritfail' 3 2 fi^t long; 

Extreme breadth ^3 Spritlail topfail-yard 24 

Length on the lower deck from the aft fide oL the ftem to the fore ) f. in,;, 

fideofthcftura-poft £81 S 
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Dimen/ms df Captain Allem'x 
Mafts and Tards^ about 176 
^uns. 

MMt. Yards. 
Leoftth. Diam. Len. 
Fcef* locbet. Feet. 

i^ 44 



Main-Mast 

Do. top 

Da top-gallant 
Fore-Mast 

Do. top 

Da top-galL 
Mizbn-Mast 

Do. top 

Bowfprit 

Breadth 



63 
33 

58 
3» 

53 

37 



16 



Crofijack 
23 f. 2 in. 



33 
45 
39 
33 

»3 
iiih.tniz. 

10 31 

31 



Length low« deck 78 feet, 1 1 1 in. 



Cii/A Lyons, ^out 167 Txmj^. 



sneth. 
Feet. 

Maiit-Mast 60 

Do. top 33 

Do. top gall. 18 

Foil E-M AST 54 

Do. top 3a 

Do. top-gaH. 16 

Mizen-Mast 5^ 

Do. top 28 

Bowfprit 36 



Maflt. Tard$, 
Length. Diam. Len, 
Inch. 

l6ir 

JO 



5t 
16 

9t 

5 

XI 

i6t 



Fecu 

24 

37 

30 

40 

24 
3« 



Crofsjack 
Breadth 22 fi^t, 6 inchc9# 

Length tow. deck 79 feet, i indu 



fiar//. BoWMAM, 47^011/ 162 Tuns. 



Maftu 

Length. Di«m. 



Main-Mast 
Do. top 
Do. top-gaU. 

F01tt*MAST 

Do. top 
Do. top-gall. 
Mkzsn-Mast 
Do. top. 
Bowfprit 



Yaris% 
Leo. 
Feet. 

4« 



Feet. Inches. 

60 16 

32 10 

17 5 

54 I5t 

*?f 9t 

'5 4t 

50 II 

25 ^ 

34* i^ 30 ! 

Crofijack 30 I 

Eztreine bfieadth %% feec» 6 indies 

JJengthkmerdecH 76 feet, 6 inches 

O a 



3« 
24 

36 
28 

22 

so 

25 
30 
30 



Ca//. D«»Ry% ahmt 150 T««; 



Main-Mast 

Do. top 

Do« top-gall. 
Forx-Mast 

Do. top 

Do. top-gall. 
Mizbk-Mast 

Do. top 

Bowfprit 
Gibb boom. 
Extreme broadth 
Length i dedc 74 feet, 4 mchft. 

Caft. 



Xta/h. fhrdtm 


Length. 


Diain. 


Lea. 


Feet. 


lachet. 


PceU 


58 


16 


4» 


H 


9^ 


30 


ts 


si 


23- 


5« 


Hi 


36 


29 


9i 


28 


»5 


Si 


21 


49 


II 


37 


27 


7 


aj 


3« 

a 


i5 
7 


3» 

47 



22 
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Capt. Hill, 130 Tun. 



Feet 

Main-Mast 55 7 

Do. top 29 3 

Do. top-gall, 18 3 

Fobe-Mast 50 7 

Do. tqp !i7 3 

Do. top-gal 16 2 

Mizen-Masx 46 5 

Do. top 21 3 
Bowfpot 35 
Extreme breadth 21 



lengths. 
Heads, 
f. in. 

6 

a 

o. 
o 
o 
o 
o 
o 



rardt. 

Diam. Len*. 
Inch. Feet,. 

i4t 39 

9 3^ 

4t 23 

i3t 35 

8i ^5 

4t ^i 
10 

6 



22 

24 
144^ 2,9 
f. 2f in. 



Ctf//. HouLDERsoN, Billandcii, 
aln^ut 160 7a»i. 



length lower deck. 6y 4 



Length. Diam. Lcq^. 

Feet. Inch,*£Mr. 

68 I.6f 40 

68 10 



Main-Mast 
Do. top 

Fqre-Mast 54 15 

Do. top 30 9 

Do..top-galIaiit 18 5 
Bowfprit 36. 15 

Gibbbootn. 



2( 

3I 
23 

26> 



Breadth 21 feet.. 

Lctwcr deck length. 7 1. f. . 4 liti. 



Capt. 



1-31 Tuns^ 



Mafts. 

Lien.. 

Feet. Inches. 



Main-Mast 57 16 

Do. top 30 9t 

Do. top.gallant 18 5 
Fore-Mast 52, i.^x 

Do. top 2,8 94 

Do.top'gallant 15. 
Mizen-MasT 50 

Do. top 26 

Bowfprit 34 

Groisjack 

BreadtK 21 feet, 2 inches. 

"Lower deck length 73/. 3 in. 



Bj^m. Leu. 
Feet. 

40 
30 
2^ 

'35 
28 

2il 
22 

^3 
30 

30 



4^ 



Ctf/ft RosrN^jr, ;5^«cw, i3o7««ft 



Main-M'ast. 

Do. top. 

Do., top-gallant. 
FOre-Masx 

Do. top 

Do. cop-gallant 

Bowfprit. 

Breadth 



Majis. Yards:^ 
I;en. l>him. Leo* 
Feet. Inches. Feet. . 

56 



30 
17 

28: 
35 



15 

9 

144- 
9. 



15 



40 
30 

24 

36 

28 

it 

30 



21 



feet. 



Lower dedtlem 71 feet, 4. inches.. 



1^ 



fif^B. The three lower mafts wero (hortened two feot each, ud'the facds tak\ 

incbeskafteacb eo4. 
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tSt^t. Smith*/ Sro^^ 100 
Twts. 



Maft 

Bowiprit 

Boom 

6aph 

Spread -yard. 

Top(ail*yard 

Crofsjack 

Top-gallant-maft 

So. yard 

Gibb boom 

Breadth 

Length 



Leaftb Diam. 


Fe«t. 


In. 


80 


»9 


44 


>S 


5^ 


I»« 


28 




40 




33 




a 36 




naft 10 




30 




ao 




6i 


1 



C^/. GlLBEB*8 Sloops 83 

Length Diam. 

P*et. In. 



Maft 

Bowfprit 

Boom 

Spread -yard 

Top-faiUyard 

Crofsjaek 

Top-gallant-maft 

Do. yard 

Gibb boom 

Breadth 

Length 



73 
4.2 



'7 

SP 



37 

26 

33 

^3 
22 
26 

18 f. 9in 
57 f. 2in 



Capf. NiCKALL*jr Shop', g^ 
Tuns. 



Diami 
Feet. In. 

S 



Length 

^iaft 65 

Top-mafl' 14 

Top-gallant mail 2r 

Bowfprit 40 

Boom* 44 

Gaph 24 

Spread-yard 34 

Topfail, Do. 27 

Top*galIant, Do. 26 

Crofinack, Do. 30* 

Breadth 169 



Proportions fir Mafii and Tards in the Royal Navyi 

THE mafts are proportionecT to the extreme breadth of the (hip 
from out to out, and the yards to the length of the gun- deck ^ 
and as this treatife is chiefly defigned for the {hip--wrights of his Ma^- 
jieffy"S dock yards, we (hall here give the general proportions of mafts^ 
and yards, foe the benefit of fuch of them as may be. employed 
at foa* 

As to the form of mafls and yards,, the general method is to quarteo 
the mafts from the partners to the hounds, and the yards* from the fling» 
to the yard arms; fo that both yard arms are exactly the fame, except 
the mizen yard.. The diameters, at the q^iarters are in proportion to that 
at the partners or flings ; whether this curve will be an arch of a circle 
or of an ellipfe, or only a fair curve, we (hall not at prefent exaHiihe». 
only give our readers the proportions j. but as the beams are allowed to 
be arches of circles,^ we fhall here fhew a ready way of making a. beams, 
mould. 

Let A B, Fig. 75, be the length of the beam, C D the round in tlwt 
middle, fo it is only defcribing a circle thro' the three points ADB.p^ 
but as the circle in fome cafes will.be £> large that: we cannot, come at^ 
tbe center we may ufc the following methodii. 

4^. Diaw the lines AJ} and D.B., 
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^J. From the center D, and with the radius D C, defcrlbe a circ1e| 
ttnake the arch a e equal to the arch C a^ and the arch bf equal to the 
4irch C ^, fo the arcnes a e, and bf\ will be equal, and of confequencCj^ 
the angles ADC, A D f, B D C, B D/, will all be equal. 

3^ Divide the lines D C, D e^ and D/ into as many equal parts as 
you propafe to find points in the curve j it is indifferent whether 
thefe parts be equal or unequal ; only obferving to begin the divifions 
from the point D, and that the divifions of the lines D^, and D^, be 
the iame diilance from the point D that their correfponding diviiion^ 
in the line D C are from the fame point, 

d^fb. Draw the line Bx to the firf): divifion of the line Hf^ and a line 
from A, thro' s (the firft divifion of the Jine DC^, to intcrfcft the line 
£| AT in J-, which will be one point in the curve. 

In like manner the other points are found, by drawing lines from B 
to the feveral divifions of the line D^ and lines from A thro* the cor- 
refponding divifions of the line D C, to interfedt thofe drawn from B» 
which will all be in the circumference of the circle. In the figure we 
have only drawn the lines B x, and A^; but, in pra<ftice, we may take 
two chalk lines and faflen one\it A and the other at B, and flretching 
the one thro' the points in the tine D C, and tl>e other thro' the corre£ 

J bonding points in the lines D/^ and D e^ the interfedioaa of the chall^ 
ines will give the feveral points ia the circumference^ 

DEMONSTRATION. 

The angle at the circumference of a circle is meafured by half thd 
oppofite arch, as dcmonflrated in page 28. Hence all angles at the cir- 
cumfecence of a circle that fland on the fame chord are equal^ and of 
confequencoi if there be never fo many equal angles flaflding on the fame 
•chord, they will be all in the circumference of a circle j or, which is 
the fame thing, a curve drawn thro' the feveral angular points will be ax^ 
arch of a circle. 

The triangles B D at, and A D « are equal, for the fides A D, and 
D B are equal, the fides Dx, and D;^ are likewhe equal, and the angler 
£ D X included by the fides B D and D ^, equal to the angle A D ;2;, 
included by the fides A D and D 2; ^ therefore the angle D B x is equal 
to the angle D A ». 

The angles D AB, and D 6 A, arc equal, and fubtrading their fum 

irom 1 80 we have the angle A D B ; but the fum of the angles at fi A^ 

and 2; A B, is equal to the fum of the angles DAB, and DBA, for the 

•ogle DBx is added to the angle DBA^ and the angle D A^^ (equal 

"'" '• ' " " * ' !• 
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IP the angTe D B^) is fubtraded from the aogle DAB; therefore^ tfie 
sAgle A ^ B 18 equal to the angle A D B, and of confequence the arch, 
ef the circle will pais thro' both ; the like may be faid of aD the reft.. 



Proportions for the length of Mafis^ 



MOO : breadth : : 
in feet 



tooo: mab^maft : : 
looo: main mail ::r 
looo : mainmaft : t 

looo :main mail: : 

looo : munrtop-maft : 

looo: main-top*maft : 

lOOo: main-top-maft : 

lOOO ^ fore top-maft : : 
lOOO : bowrfpnt:::: 



748 
756 
753 
741 
740 

760 

901 
870 
866 



C64^ 
l6i 



f 



3 

600 

607 

L 910 

.5 710 
\ in 

I508 
J. 480 

LS^S 

390- 



* aaiamsBt in yards 



1 
I 
I 
I 



fi^re-maft 

mizen-maft 

bow-%nt 

main^'top-maffi 

fore-top^mafi^ 
mizeni-top^maft 



{ 



i 



1 



100 



.^nno. 1745, 

Guns 
100 

80 

70 and fiiyi> 

50 
44 
14 

90 8o» 
all the reft 
( lOo $0 8^0' 
I allchereft. 
lOO- 90 80 
all the reft 
80 
50 

34 
too 90 80 
all die reft. 
100 90 80 
all the reft, 
main-top gidlant S loo 90 80^ 

maft 1 all die reft, 

fore top-gallantp 5 soo 90 8o> 

maft t aU die reft. 

fprit-£ul top-maft i*q 90 8ai 



{100 90 
70 60 



proportions, for the kngtb. of yjsrds^ 



559 ' \ 
iiooo:gim.d«ck::: /^7o • I nuunyaedl 



Gimr 



100. 



sooo'.numyord 



S75' . 
L5^i % 
..{.880:? 



90 80f> 



70- 

r 60 



50 «4» 



fore y^> 



r 100 90 ^80 



alldieieft. 



4o» 



XOOOD 
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820 

847 
840 

5 726 

^9 
726 

5 
jooo : m2untop(ailya. : : 690 

1000 : fore tap-fail yia.::^ A^ 



rdoo : main yard 
4000 : main yard : 
1000 : fore yard : 



I' 

71; 



< 00b: fore top-fail ya. : 



.5768 
•I 750 



1 



1 



mizen yard \ 

main tqp fail yard < 
fofe top- fail-yard \ 



t 



maintop gall.yard 
fore top gaLyaX 

miz. top- fail ya.s 



Voo 9S 8a So 
70 
24 

. 24 
all the reft; 
70 
• 24 
all the reft, 
all the rates 
70 
all the reft. 
70 
all the reft. 



^ 



Crofs jack and fprit-fail yards equal to the fore top-fail yard. • 
Sprit top*fail yard equal to the fore top gallant yard. 

Having now found the length of the mails and yards ; our next bull* 
tiefs is to determine their diameters at the partners and flings. 

Troportions for the Diameters of Majls and Tards. 

The main and fore mad in all (hips down to 60 guns, i inch dia« 
meter to every yard in length. 

For 50 and 40 guns, twenty-feven twenty-eights of an inch diameter, 
to one yard in length. 

For 24 guns, twelve thirteens of an inch diameter to one yard ia 
length. 

AH top mafts are nine tenths of an hkh diameter to one yard in lengdu' 

The fore top-maft as big as the main top-maft. 

The top gaUan&maily-one inch to a yard. - • 

The mizen-mafl 44 of an inch to 1 yard in length. 

The mizen top-maft jEve Hxths of an inch to one yard in length* 

The bow-fprit an inch and half to one yard. 

The flying gibfaeboom feven eighths of a {hip to a yard^ 

The main: and fore yard five fevenths of an inch to a yard. 

The top-fail^ cro& -jack, and fprit-f4il y^rds nine fourteenths of an inch 
to one-yard. 

The top-gallant, mizen top-fail, an^ fprit-fail top jail yards eight thir« 
teenths of^an inch to one. vu-di r\ 
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( "3 ) 
The Hiizen yard five ninths of an inch to one yard. 
. All fteeripg foil booms and yards half an inch to one yard in length.* 

Proforfktisfor the diameterSy 4f the quarters of mafii and yards, according 
U their diameters at the farttters^ or Jiangs. 

For the main aod fore snaft, firft quarts 44 parts ; fecond qoartor 
4t parts ;: third qmrter \ parts ; houads A parts ; for the head 4- parts ; 
heel 4 parts* 

' Fot the missen maft^ and iloQps OMifts that head thcmielvei» firft quar* 
ter 4t^ ;, fo^ the fecond quarter 44; for the third qoarter, a ftrait lino 
from the fecond to the hounds y hounds three quarters ^ for the head 
tyfCK thirds* 

For top and top gallant mafts^ firft quarter ^^r pacts ; fecond quarter 
XT parts; third- quarter 4^ parta } hounds tV parts ; head 4> p^t^r 

For the bow«*fprit,, firft quarter 4t parts; feoond quarter A partly 
tt))rd qufirter 3. quarters,; at (he cap one half ; at the heef 3 quarters. 

For yards in general; firft quarter l^f parts ; fecond quarter liine tenths ; 
third quarter feyea tenths s yard, arm two fifths^ 

For* the lower aim of the mtzen yard^ firft quarter -^^ parts j fecond 
quarter i\ parts ; third quarter 4 parts ; yard. arm. two thirdsL 

The upper acm^ of the mizen. yard the feme as yaixk in general. 

A* fome of our readers may not be acquainted with the way of nota- 
tion, in thefe proportions^ we refer them to whai is fiud on: that bead in 
tbc' firft part) where the pciaciplesrof the rule of proportion, and the con-> 
ftruAion of the line of numbers is explained, and: the ufe of the Aiding* 
ruleilluftraied by a great variety of examples in the rule of three* 

Thofe. that are but the leaft acquainted with the rale of three, know 
that there are three numbers gjven;; and, that if the- fecond be nmitiplied 
by the diird, and that product divided by the firft^ the quotient will give 
tnc fourth term, which will have the fame proportion ta the third> that 
the fecond term has to the firft. 

The proportion for the main maft of a ftiip of 5or guns^ is thus eir- 
prefiSed; iooq: 74P : : bieadch : length, thitfis to fay, (fuppofing the 
breadth bie 44 feet,) : If 1000 give 740, what will 41 give ? 

Nowj in order to give a.folution to.this by the. fliding^raki draw out 
the Aider till 1000 is right againft 740, and right* ag^inft^ 41^ you'll find 
304, nearly, which is the length of the main*maft in yards : It ii indif- 

Su^. P fercnt 
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ftrent whether looo be on the Aider or on the rule j but i£ lOoo be bii 
the Aider, 41 the breadth muft likewife be on the Aider, fo 740 and 304, 
will be on the rule, and the contrary ; or uftiverfally, the firft and fecond ' 
terms will be on the fame line of numbers, and the third and fourth on 
the other line of numbers, and it is indifferent whether 740, or the breadth, 
be the fecond term, but 1000 muft be the firft; and the length the 
fourth term j the one upon the Aider and the other on the rule. 
: The diameter at the partners you will find in the proportions ^ parts of 
an inch to every yard in length 5 that is to fay, if the maft were 28 yards 
long, the diameter at the partners would be 27 inches ; and therefore 
by the rule of three 28 : 27 : : 30 4 : 29 I ; therefore, draw out the 
Aider till 28 is againft 27, and right againft 304 is 29 4. ' 

The diameters at the quarters are given in what the fliip-wrights call 
fraftional parts of the diameter at the partners, or Aings ; that of the firft 
quarter of the main maft is tt» that is to fay, if the diameter at the part« 
ners'bc 43, that at the firft quarter will be 42. Now the diameter at 
the partners, by the preceding operation, is 30 4, fo we have three terms' 
of the rule of three given, thus exprefled, 43 : 42 : 30 4» and 
when the Aider is drawn out till 43 is againft 42, we (hail find 294* 
againft 30 4> ^ 29 4 inches is the diameter at the firft: quarter ; hence 
we have this general rule; when the fradional part is given, draw otit 
the Aider till the denominator is right againft the numerator, then look 
for the dianfeter at the partners, or Aings, on the fame line with the 
denominator ; and right againft the partners, or Aings, you have the dia- 
meter for that quarter, and by ufing the fame operation a$ for finding the 
firft quarters, we fliall find the fecond quarter 2845 the third 25 4 j the 
hound 204 ; and at the head 174. 

Now, to find the length and diameter of the main yard ; the Idngth of 
the gun deck is 144 feet, the proportion for the length is 1000 : Sy§ : i 
144, therefore, draw out the Aider till 1000 is right againft ^y^, and 
r^ht againft 144 is 83 nearly, which is the length of the main yard in feet. 

The diameter at the Aings is -f c^ an inch tb every yard in length ; 
83 feet is 27 4 yards, therefore draw out the Aider till 7 is againft 5, and 
againft 274 is J94« 

It is prefumed thefe examples may fuffice to explain the mariner o£ 
notation in the preceding proportions, and likewife the niethod of Work- 
ing by the Aiding-rule, which may be applied to all queftions in the rule. 
«)f three, fuch as meafuring plank, and timber, wainfcoting^ &c. ^ 
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We fhall now give our readers the proportions, for the heads, and 
hounds of mafts, and likewife for the caps, tops, trufTel-trees, and 
crofs-trecs. 

Proportions for Heads and Hounds of Majls. 

The head of the main and fore mafts, five inches to one yard of 
the length of the maft. 

Mizen-maft head^ if it (teps in the hold, 4T of an inch to one yard 
in length. , 

All top and togrgallant maft heads, four inches to a yard in length. 

The length of the hounds, two fifths of their refpeftive heads. 

Proportions for Caps. 

All caps, except the flying gibb boom, to be in breadth twice the 
diameter of their top-mafts ; and their lengths to be twice their breadth. 
The thicknefs of the main and fore caps, half the diameter of their 
breadths ; the mizen cap three fevenths, and the top- mails two fifths of' 
their refpe^tive breadths. 

The nying gibb boom cap, to be in length five times the diameter 
of the boom, and in breadth twice its diameter^- and, in depth, nine 
tenths of the breadth. 

Proportions for T^s. , . . 

The breadth of the top thwart(hips, to be one third of the length of* 
the top-maft j the mizcn-top thwartfhips, by fome, is nine thirtieths of 
the length of the mizen top-maft; all tops, before and aft, three fourths 
of what they are thwart(hips ; the fquare hole five inches to a foot* 

Proportions for UruffeUtrees^ 

In lengthy to reach within three inches of the outer edge of the top. 

The depth of the main and fore trufiTel-trees, 44 of- an incH to one 
foot in leagth ; their breadth five fevenths of their depth. 

The depth of the mizen truflcl-trees, fix fevenths of an inch to one 
foot in letigth 1 and their breadth eleven fixteenths of their depth. 

The rtain and fore top-maft truflel-trees, to be in length the fifth 
part of The length of their top-gallant-^mafts ; their depths ^ of an inch 
to one foot in length, and their breadth 44 of their depth. 

The mizen-top-maft truflcl-trees, half the length of the main-top- 
maft truflel-trees 5 their depth, one inch to a foot in length, and their 
breadth five fixths of their depth,- " -. 

Pro^ 
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Pr^p^tims for Crofs-trees^ 

The length of the crofs-trees, for the main and fore crofsrtreMi t9 
reach within three ioches of the outer edge of the top. 

The mizen crofs-trees, the fame length with the trufTd-trees. 

The cra6*tr¥c$ this iame breadth wtth the truficUtreeSy and half their 



^pth. 



Weight of Jtnehfins^ and Dimen/kfu of OMti. 



In the Qiecchant fenrice, the fli^t^ bel^» apd final! hflvp^ M^h^rs are 
generally diftbrent^' but in the navy ^hefe tbrec. arcf fxf the i^pe 
weight. The dlmenfiohs of thie cables are eiftimated by their circum^ 
ferepces. 



Anchors. 


lOO 
Ou4. 

77 9 


C v>' 

71 ^ 
»J.9 


80 

OniM. 

6.6. ^ 


71 2 


Can*. 
0: ^.^ 

54s » 
.'3'9i 


Oaiii. 

440 

:i*9 


Oms. 

37 3 
19 2 


C? ^it: 

3^ 

r« Ic 


Sloop*. 


Bowen 
Stream 


t:. *«, 
; 7 


Cable*. 
Sheet & bow. 
Sttcam 
Hawfen 

ditto 


'I4t 
9 


inchw. 
24 ■ 
13t 

It 


utchci. 
21 
>3 

at 

8 


IfiCDtit* 

22 

ist 

1* 


»8t. 

lit 

8 

7i 


inches. 


16 • 

id 

6t 
6t 


inchfitf 

Ht 
8t 
5t 
5t 


«3: 

8 

4t 
4t 



u|, Ti^Bi^B ^ % ^f^f^ ^f P*W ^:*^k Dtcii, their Lefufitt PfCeigbi 
9^ Mttaf^ and Sboty 







Number 


Length 


Wtof 


Wt.tf 


tSum 


Dicks 


on each 


metal. 


Ihoc^ 


^ 


) 1 ' > ' 




fed te. 


Cwt. 


poimdt. 




LoWV 


z3. 


10. 


67 


4» 




,Midcm 


8,8, 


9 ^ 


49 


i 44 


100. 


'Oppcr. 


28. 


9 6 


34 


12. 


■J 


'Quarter 


. >2. 


8 


X2 


<Jv 


I'FpreQaftlc 


s 


9 


*4 


6. 

1. 




I^w?r. 


26 


9. <5 


=*55"' 


•••32 ' 




MVldK 


2JS 


9 ^ 


■ 4» .. . 


iS^ 


Sio^ 


Upper 


»6. 


9 0, 


32. 1 


12 




QiMiter 
-FolreCaftlc 


10. 


8 9 


2^ 


6^ 




2 


9 


. «* 


I 6; 
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A Table of the Number of Guns on each Deck, their Length, Weight 

of Metal, and Shot. 







Number 


Length 


Wt. of 


Wt. of 


t}uns 


Decks 


on each 


metal. 


fhot. 








feet in. 


Cwt. 


poandi. 




Lower 


26 


9 6 


55 


3« 


80 


Middle 


^6 


9 


40 


18 


Upper 


24 


9 


29 


9 


r 


Quarter 


4 


7 6 


ao| 


5 




Lower 


2S 


9 6 


55 


32 


MA 


Upper 


28 


9 


40 


18 


74 


Quarter 


'6 


8 


26i 


9 




Fore Caftle 


2 


9 


29 


9 




Lower 


26 


9 6 


55 


3« 


64 


Upper 


26 


9 o 


40 


18 


Quarter 


10 


7 6 


t4i 


9 




Fore Caftle 


2 


8 6 


27i 


9 




Lower 


24 


9 6 


49 


24 


60 


Upper 


24 


9 


32i- 


12 


\t\* 


Quarter 


8 


7 


aot 


6 




Fore Caftle 


2 


8 6 


23 


6 




Lower 


22 


9 


47i 


24 


50 


Upper 


22 


8 6 


31 


12 


Quarter 


4 


7 8 


18 


5 




Fore Caftle 


2 




22 


6 




Lower 


20 


9 


40 


18 


44 


Upper 


20 


8 


26 


9 




Quartet 


4 


6 6 


f8 






Lower 


2 


7 


n 


9 


^4 


Upper 


20 


7 


«3 


9 




Quarter 


% 


4 6 


7t 


1 
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BOOKS Printed for and Sold by A. Millar oppofite Catherinc- 

Strtet in the Strand. 

A Ne# SyKem of Geognphv : In which is given a general Account of the Sitaation and 
/\ Limits, the Marnien* Hi^rf, and Confutation of the feverU Kingdoms and Eflates in the 
known World ; and a yitry particular Defcripcion of their Subdiviiiota and Dependencies ; their 
Cities and Towns^ FortSj Sea-ports, P^uce* Manufactures, and Commerce. 

By A. F, Bufclnng^ D. D. 
Carefttllv tranflatcd from the M Edition of the German Original. To the Author*s Introda£lory 
Difboorte are added three Eflays, rehtive to the Sul^eCt ' Uhifhmted with 56 Maps^ acculktelv 
profecuted on a new Plan. This Work maka the bcft Geographical Diaionary extant, by a full 
and excellent Index now added. In 6 vols. 

2«The Doftrine of Chances : Or, a Method of caicuhting the Probabilities of Events in PUy . TY^ 
third Edition, Fuller, Clearer, and more CorreA than the former, being enlarged One Tiurdmoce. 

J, Mi/cillMMea jMaJjfiem d$ S$riehut it ^uairafuris. Cum St^pltmnt^m^ 
The above two hy Ahrabam di M^intn. 

4. An Account of Sir Ifaac 'Stwi9ft% Philofophical Difooveria. In four Books. Br Oiln Mac 
Laurin^ A. M. kte Fellow of the Royal Society, Profeflbr of Mathematicks in the Univerfity of 
EJiniMrgb^ and fecretary to the Philofophical Sodetv there. Fubliihed from the Author*s MSS Papen. 
To which is added. An Account of the Life and Writings of the Author. Bv Patrick Martkch^ 
M.A.and F.R.S. 

$. Geomttria Organica: Siv$ BtferiftU^ Limmnm Qttnmram Vamr/aiis. Jaff^n Colim 
Mac Latirin, 

6. A Treatife of Fluxions. In tw# Books. Bv C§iin Mac Laurint A. M. Profeflbr «f Madiema- 
ticks in the Univeifty of MJiaiargh^ and bee Fellow of the Royal Society. 2 vols. 

7. Mircator\ Sailing, applied to the true figure of the Earth. With an Introdudion conoeniiog 
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and 172?. 2d Edition. By Edward Wright ^ Efqi 2 vols. 
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